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ABSTRACT
Similarities and differences in type and rank 
characteristics in Tertiary coals of the western part of 
Indonesia (particularly on the islands of Sumatera and 
Kalimantan) and eastern Australia (particularly in the Latrobe 
Valley) reflect their geological setting and influence 
utilization.
Rank and type variation within and between Indonesian and 
Victorian coals were assessed by petrographic examination of more 
than two hundred and fifty samples. Both Indonesian and 
Victorian coals are dominated by vitrinite, common liptinite and 
rare inertinite and mineral matter. Vitrinite macerals 
are dominated by detrovitrinite and telovitrinite. Resinite, 
cutinite and suberinite are the dominant liptinite macerals in 
Indonesian coals, whereas liptodetrinite, suberinite and 
sporinite are the dominant liptinite macerals in Victorian 
coals. Inertinite macerals in Indonesian and Victorian coals 
include semifusinite, sclerotinite and inertodetrinite. The type 
differences largely reflect climatic influence and differences in 
peat conditions.
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Differences in seam geometry reflect tectonic environment. 
The often thin and numerous seams of Indonesian Palaeogene and 
Neogene coals were respectively deposited in intermontane to 
continental margin and back deep to continental margin basins. 
By contrast, the exceptionally thick Victorian coals were 
deposited in a rift valley setting.
The higher vitrinite reflectance of Indonesian coals 
compared with the Victorian coals of the Latrobe Valley is a 
result of higher regional coalification levels in Indonesian 
basins associated with greater cover followed by erosion as well 
as the local and variable effects of igneous intrusions. The 
Indonesian coals had at least 1000 metres more cover than at 
present and also had a range of different palaeotemperature 
histories.
The Indonesian and Victorian coals are generally suited to 
use for direct combustion, although high moisture contents and 
spontaneous combustion present significant problems with some of 
the low rank coals. The low silicate content of the ash and the 
high alkali content of Victorian brown coals can cause unusually 
severe boiler fouling.
iii
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CHAPTER ONE 
INTRODUCTION
Coal deposits are present in many locations in the 
Indonesian archipelago. Some of the coals have been mined since 
1892 (Sigit, 1980). Coal resource estimates for the most 
significant Indonesian deposits are presented in Table 1.1.
In order to adequately assess the utilization potential of 
each coal deposit, a classification system that could guide the 
testing and analysis of the coals should be adopted in 
Indonesia. Several systems of coal classifications are available 
(Cook, 1982). Coal petrology contributes to an understanding of 
the nature and aids in determining its utilization potential. In 
Indonesia, petrography is a recent development in coal studies. 
Petrographic composition of Indonesian Tertiary coals has not 
been previously reported. Some general comments on the 
petrographic characteristics of some coals have been made (e.g. 
Strauss et al., 1976; Strauss and Atkinson, 1981; Addison et al., 
1982). Data on the chemistry of some coals (especially those of 
Bukit Asam, Ombilin, Kalimanatan and West Java) have been 
published (Soekarsono, 1982; Kendarsi, 1984).
The aims of this study are to obtain an understanding of the 
following aspects:
2
Table 1.1 Summary of coal resources of Indonesia
(Hardjono and Syarifuddin , 1983; Kendarsi, 1984)
Coal resources (million tonnes)
Region Basin/Area Demonstrated Inferred Total
West Sumatera Ombilin 160.0 24.0 184.0
South Sumatera Bukit Asam
- Air Laya 158.8 13.2 172.0
- Suban 5.4 - 5.4
- Muara Tiga Kecil 53.7 - 53.7
- Muara Tiga Besar 114.7 80.0 194.7
N.W. Banko 129.5 - 129.5
Central Banko 127.5 - 127.5
W.Central Banko 178.5 - 178.5
Kalimantan Kutai Basin
- Loa Kulu 34.9 - 34.9
- Loa Haur 14.8 - 14.8
- Prangat Selatan 120.0 62.6 182.6
- Sakakanan 25.6 41.4 67.0
- Pelarang 109.0 22.6 131.6
- Kamboja 291.7 112.1 403.8
- Bukit Merah 114.4 8.0 122.4
- Badak Tengah 201.3 - 201.3
- Samarungu >100 - 100.0
Barito Sub-basin
- Senakin >100 - 100.0
Pasir Sub-basin
- Petangis 30.0 - 30.0
- Bindu 32.0 - 32.0
- Betitit 5.0 — 5.0
West Java Bayah 0.2 1.0 1.2
Cimandiri 0.2 1.0 1.2
Bojong Manik - <1.0 1.0
Total 2,107.2 366.9 2,474.1
Note: >= greater than; less than
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1. to determine type and rank characteristics of a 
representative suite of Indonesian and Victorian Tertiary 
coals by making macérai analyses and reflectance 
measurements;
2. to establish the broad patterns of variation of rank and 
'type ;
3. to examine the relation of type and rank to sedimentary and 
tectonic setting and palaeoclimate;
4. to compare the petrology of the Indonesian Tertiary coals 
with that of the Victorian Tertiary coals in terms of their 
sedimentation, burial and thermal histories; and
3. to examine the implications of the petrographic data with 
respect to the utilization of Indonesian coals.
To achieve these aims, analyses of five major coalfields of 
Indonesia (Bukit Asam, Ombilin, East and South Kalimantan and 
West Java) and four coalfields of Victoria (Morwell, Yallourn, 
Yallourn North Extension and Loy Yang) are included in this 
present study.
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CHAPTER TWO 
TERMINOLOGY
The petrology, and more specifically the petrographic 
characteristics of a coal can be considered in terms of two 
essentially independent concepts: coal rank and coal type. Coal 
rank can be defined as the relative position of a coal in the 
series of peat through to anthracite and meta-anthracite. The 
International Committee for Coal Petrology, in the second edition 
of the International Handbook of Coal Petrography (1963), agreed 
that the term rank should be accepted as an international 
scientific term. They suggested "degree of coalification" as a 
synonym for rank.
In coal petrography, the rank of coal is measured by the 
reflectance of vitrinite. The reflectance of vitrinite increases 
as the rank of coal increases (Table 2.1).
Coal type is related to the type of plant material in the 
peat and the extent of its biochemical and chemical alteration. 
It is a response to the first (biochemical) stage of coal­
ification (Stach, 1968; Cook, 1982).
Coal petrographic variation can be assessed in terms of 
macerals (Stopes, 1933), microlithotypes (Seyler, 1934) or 
lithotypes (Stopes, 1919; Seyler, 1954). Macerals are the basic 
microscopic constituents of coals and as such are analogous to
Table 2.1 Generalized classification of coal rank 
(From Cook, 1982).
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the minerals of other rocks, Microlithotypes are thin coal bands 
( 0.05mm in thickness) that contain typical associations of coal 
macerals as seen under microscope. Lithotypes are macroscopic- 
ally recognisable bands visible within a coal seam.
Since the concept of macerals was introduced by Stopes in 
1935, the International Committee for Coal Petrology (I.C.C.P.) 
agreed on definitions of both maceral groups and individual 
macerals, and adopted the Stopes-Heerlen system as a standard 
method of coal petrographic classification (I.C.C.P. Handbook, 
1963) (Table 2.2). The concept was based upon and is most 
specifically applicable to Carboniferous black coal. However the 
basic concepts can be applied to coal of Tertiary age (Smith, 
1981). The three maceral groups (exinite, inertinite and 
vitrinite) were identified and classified on the basis of their 
morphology, source of material, colour or level of reflectivity 
and nature of formation. The macerals vary in the way their 
chemical, physical and technological properties alter with 
increasing rank (Brown et al., 1964a).
Subsequent petrographic research carried out on brown coal 
(mainly on the Tertiary coal measures in Europe) lead to adoption 
of a brown coal maceral classification (Table 2.3) by the 
International Committee for Coal Petrology (I.C.C.P. Handbook, 
1971; 1975). In the case of brown coals, the effect of 
metamorphism is not as pronounced as with black coals, hence a 
large number of morphologically distinct, vitrinite-related
7
Table 2.2 Summary of the macérais of hard coals
(I.C.C..P. Handbook, 1963)
Group
Macerai Macerai Submaceral* Macerai Variety*
Vitrinite Telinite
Collinite
Vitrodetrinite
Telinite 1 
Telinite 2
Telocollinite
Gelocollinite
Desmocollinite
Corpocollinite
Cordaitotelinite
Fungotelinite
Xylotelinite
Lepidophytotelinite
Sigillariotelinite
Exinite Sporinite
Cutinite
Resinite
Alginite
Liptodetrinite
Tenuisporinite
Crassisporinite
Microsporinite
Macrosporinite
Inertinite Micrinite
Macrinite
Semifusinite
Fusinite
Sclerotinite
Inertodetrinite
Pyrofusinite
Degradofusinite
Plectenchyminite
Corposclerotinite
Pseudocorposclerotinite
+ Incomplete, can be expanded as required.
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Table 2.3 Summary of the macerals of brown coals 
(I.C.C.P. Handbook, 1971)
Group Macerai Macerai Subgroup Macerai Submaceral+
Humotelinite
Huminite Humodetrinite
Humocollinite
Liptinite
Inertinite
Textinite
Ulminite Texto-Ulminite
Eu-Ulminite
Attrinite
Densinite
Gelinite Porigelinite
Levigelinite
Corpohuminite Phlobaphinite
Pseudophlobaphinite
Sporinite
Cutinite
Resinite
Suberinite
Alginite
Liptodetrinite
Chlorophyllinite
Fusinite
Semifusinite
Macrinite
Sclerotinite
Inertodetrinite
+ Incomplete, can be expanded as desired
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macerals could be defined. At the time, these were not strictly 
recognisable as being eguivalent to hard coal vitrinite and so 
were collectively termed huminite. Similarly, exinite maceral 
eguivalents were termed liptinite. No separate name was given 
for inertinite macerals.
The coals sampled as part of this study form a complete 
suite, varying in rank from brown coal to anthracite. For this 
purpose, a single maceral classification is desirable to describe 
the coal. Unfortunately, the current maceral, lithotype and 
microlithotype classifications of the International Committee for 
Coal Petrology (I.C.C.P., 1963; 1971; 1973) are restricted to 
either brown coals or hard coals. No single system is applicable 
for description of coals which range from brown coal to 
anthracite.
Smith (1981) was able to separate the effects of coal rank 
on coal macerals from those due to coal type and so developed a 
simple discriminating maceral system applicable to both brown and 
hard coals (Table 2.4). He recognised that the maceral groups 
vitrinite and huminite are synonyms, as are exinite and 
liptinite. The coal petrographic terms used in the present study 
follow those described by the International Committee for Coal 
Petrology Handbook (1963; 1971; 1975) as modified by Smith 
(1981).
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Table 2.4 Proposed coal maceral classification system for coals
(Smith, 1981)
Maceral Group Maceral Sub-Group Maceral
EXINITE
Liptodetrinite
Sporinite
Cutinite
Suberinite
Resinite
Fluorinite
Exsudatinite
Bituminite
Alginite
TELOVITRINITE
*
Textinite
Texto-ulminite
Eu-ulminite
Telocollinite
VITRINITE DETROVITRINITE
Attrinite
Densinite
Desmocollinite
GELOVITRINITE*
Corpovitrinite
Porigelinite
Eugelinite
INERTINITE
Sclerotinite
Semifusinite
Fusinite
Macrinite
Micrinite
Inertodetrinite
* Gelovitrinite is only recognized when 10 microns diameter and when not
part of telovitrinite.
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Vitrinite is derived from woody tissues» It is the most 
abundant maceral in most coals. The properties of vitrinite vary
with rank (Brown et_al., 1964a). In incident white light,
vitrinite appears dark grey, grey and white depending on rank. 
Three vitrinite maceral sub-groups, respectively termed 
telovitrinite, detrovitrinite and gelovitrinite are present 
(Smith, 1981; 1982).
Telovitrinite is defined as intact plant tissue phytoclasts, 
generally occurring as thin bands, larger than 10 microns in 
smallest dimension (width). Detrovitrinite comprises vitrinite 
matrix material which in brown coal consists of fine-grained 
(less than 10 microns in diameter) fragmented attritus. This 
material becomes optically less textured (compacted and gelified) 
at higher ranks. Gelovitrinite is defined as a gelified 
vitrinite maceral which is greater than 10 microns in diameter. 
The liptinite macerals are derived from resinous and waxy 
material of higher plants, including resins, cuticles, spore and 
pollen exines and suberins, and algal remains. Liptinite is rich 
in hydrogen and is dark grey to grey in incident white light. 
Inertinite presumably derived mainly from charring of plant 
tissue, is poor in hydrogen but rich in carbon. Some inertinite 
may be the result of intensive biochemical processes 
(Teichmuller, 1982).
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The lithotype classification used for the Victorian brown 
coals follows those described by George (1975; 1982), and Smith 
(1981). The classification consists of dark, medium dark, medium 
light, light and pale lithotypes. The characteristics of the 
five lithotypes are given in Table 2.5. The lithotype 
classification for Indonesian Tertiary coals follows that 
described by the International Committee for Coal Petrology 
Handbook (1963). The latter is based on the classification 
introduced by Stopes (1919) to designate the different 
macroscopically recognizable bands of European coals. However, 
in Indonesian coals only vitrain and clarain are recognisable.
Table 2.5 Lithotype classification. Typical characteristics of air-dried coals
(from George, 1982)
Lithotype Abbr. Colour Texture Geli fication Weathering Pattern Physical Properties
DARK Dk Dark brown to 
black brown
High wood content. 
Often small 
fragments
Gélification, partie, 
of woody material 
common
Cracks wide and deep. 
Regular pattern
Strong, hard, high 
density
MEDIUM-
DARK
M-d Dark brown to 
medium brown
High to medium 
wood content.
Often large pieces
Some gélification but 
not extensive
Cracks wide. Some regu­
larity of pattern
Strength variable, 
hardness and density 
above average
MEDIUM-
LIGHT
M-l Medium brown 
to light 
brown
High to low wood 
content. Often 
well preserved
Gélification uncommon. 
Confined mainly to 
wood
Cracks shallow. Irregular 
pattern
Intermediate physical 
properties
LIGHT Lt Light brown Medium to low 
wood content
Gélification rare Cracks generally fine. 
Random orientation
Generally soft, low 
density '
PALE Pa Pale brown Wood present but 
uncommon
Gélification very rare Few extensive cracks Soft, crumbles read­
ily, very low density
Note: Texture: Wood content includes all tissues clearly distinguishable from the groundmass
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CHAPTER THREE
ANALYTICAL METHODS
3.1 SAMPLING
The samples studied were collected from Tertiary coalfields 
of Indonesia and Victoria (Australia). Two hundred and thirty 
eight samples were taken from various coalfields in Indonesia 
(Figure 3.1) and thirty four samples from Victorian (Latrobe 
Valley) coalfields (Figure 3.2).
Sampling was based on the procedure of the Standards 
Association of Australia (1964). The following sample types have 
been collected (Table 3.1): core, cutting and spot samples. 
Samples from borehole cores and cuttings were collected through 
the entire thickness of the seam (composite). Spot samples were 
collected from portions of in-situ exposures (including outcrop, 
open cut and underground). These samples may not be represent­
ative of a ply or of a seam. They were taken to permit reflect­
ance determination and a petrographic examination of coals 
showing distinctive compositional features or where collection of 
a full seam section was physically impossible. Many spot samples 
were taken to allow the examination of features considered to be 
significant in determining the origin of the coals.
r f H B U K I T  ASA M ,'o ' O M B IL IN , - V - i  K A L IM A N T A N f 4' ' K A L IM A N T A N .''5 ;
 ̂I d  C O A L F IE L D « C O A L F IE L D L~— J C O A L F IE L D v : ^ C O A LFIE LD
W E S T JAVA  
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Fig.3.1 Locality map of Indonesian coalfields
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*
17
Table 3.1 Sample types of Indonesian and Victorian coals
Coalfield Sample Type
Number 
of Samples
Bukit Asam Open cut (spot) 30
Outcrop (spot) 16
Core (composite) 80
Cutting (composite) 8
Ombilin Open cut (spot) 13
Underground (spot) 14
Core (composite) 9
East Kalimantan Open cut (spot.) 14
Outcrop (spot) 16
South Kalimantan Outcrop (spot) 10
West Java Core (composite) 22
Outcrop (spot) 6
Total 238
Morwell Open cut (spot) 13
Yallourn Open cut (spot) 6
Yallourn 
North Extension
Open cut (spot) 13
Loy Yang Open cut (spot) 2
Total 34
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3.2 SAMPLE PREPARATION
The method of preparation of polished particulate coal 
mounts for microscopic analysis is shown in Figure 3.3. All
samples examined are listed in the University of Wollongong grain 
mount catalogue and where blocks are cited in this study, the 
catalogue numbers are used.
3.3 MICROSCOPY
All samples were examined in both reflected white light and 
reflected ultraviolet-violet light excitation. Macérai analyses 
were determined in oil immersion in reflected plane polarised 
light at a magnification of X 500. Polarised light was essential 
for the examination of thermally altered samples. The liptinite 
group of macérais was studied using ultraviolet-violet light 
excitation (3mm BG 3 filter with a K490 suppression filter) at a 
magnification of X 500. Fluorescence examination was carried out 
using a Leitz Orthoplan microscope which incorporated a TK 400 
dichroic mirror fitted with vertical illuminator. This system 
gives a combination of acceptable intensities, adequate colour 
separation of components and ease of switching from reflected 
white light to fluorescence mode (Figure 3.4) (Cook, 1980).
An Orthoplan microscope, fitted with a Leitz Vario-Orthomat 
camera which incorporates a 5 to 12.5 X zoom was used for all
photography.
19
Figure 3.3 Flow Diagram Showing the Method for Preparing Samples
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Fig. 3.4 Chromatic beam splitter or dichroic mirror ( From 
Cook, 1980 ).
21
Reflectance measurements were carried out using a Leitz 
Ortholux I microscope fitted with a Leitz MPV 1 microphotometer 
which is powered by a Knott NUP high stability power supply* 
Output from^microphotometer passes to a Kipp and Zonen AL 3 
galvonometer. The microphotometer was calibrated against 
synthetic garnet standards of 0.917% and 1.726% reflectance and a 
synthetic spinel of 0.413% reflectance. The galvanometer was set 
to give a reading of one half the reflectance multiplied by 100.
Reflectance measurements were made using incident light of 
346 nm wavelength and oil immersion of refractive index 1.318 at 
a room temperature of 23°C±1°C (Cook, 1982).
3.3.1 Maceral Analysis
Normal point count techniques were used for maceral 
analysis. The traverses were made from the top to the bottom of 
the block (with regard to settling during mounting). 
Approximately 500 points were counted for each maceral analysis. 
The skip length and traverse spacing were altered relative to the 
grain size of the samples in order to obtain a representative 
count. Approximately 90% coverage of each block was achieved. 
After completion of the analysis the number of points counted for 
each individual maceral, maceral group or mineral were expressed 
as a percentage of the total points recorded. Each point could 
be examined in reflected white light and fluorescence mode.
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3.3.2 Reflectance Measurement
-fc?*'*
The normal practice reflectance measurement was to rotate 
the stage of the microscope to obtain a maximum reading and then 
rotate the stage • 180° for the second maximum reading. The
acceptable maximum pairs were averaged to give the mean maximum 
vitrinite reflectance in oil immersion (referred to herein as 
Rvmax).
Reflectance measurements were made on vitrinite because 
vitrinite undergoes changes consistently with rank (Smith and 
Cook, 1980). Vitrinite does, however, show some inherent 
variability in reflectance according to type (Brown et al., 
1964a). Vitrinite is the most abundant maceral in most coals and 
occurs as relatively large particles, thereby enabling easy 
measurement.
Stach et al. (1982) recommended taking 100 measurements to 
obtain a precise mean value. Determination of the Rvmax standard 
deviation for a number of coals in the present study showed that 
the standard error of the mean approaches the precision of the 
measurement of the standards when 20 readings have been taken. 
Therefore, between 23 and 30 readings were taken on the coal
samples.
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CHAPTER FOUR
GEOLOGICAL SETTING
4.1 GENERAL GEOLOGY AND TECTONIC SETTING OF INDONESIAN COALFIELDS
The Indonesian archipelago is part of a 16,000 km long 
island system. It is marginal to southeast Asia in the west 
(Sunda Arc) and marginal to northern Australia (Banda Arc) in the 
east. Global tectonics concepts have been used by many authors 
(Katili, 1971; 1973; 1975; 1980; Hamilton, 1979; Audley-Charles, 
1976; Carter et al., 1976) to explain the structure and tectonic 
development of Indonesian regions. The Indonesian islands are 
considered as the result of interactions between three crustal 
blocks: the Indian Ocean-Australian, the Pacific and the Eurasian 
plates (Figure 4.1). Indonesia is divided by Katili (1971; 1973; 
1975; 1980), Hamilton (1979), Audley-Charles (1976) and Carter et 
al. (1976) into western Indonesia (composed of the Sunda Arc, 
Sumatera, Java, Kalimantan, the lesser Sunda Islands and western 
Sulawesi) and eastern Indonesia (composed of the Banda Arc, 
eastern Sulawesi, island of the Sula Spur and Irian Jaya). 
According to Audley-Charles (1976), Audley-Charles et al. (1972) 
and Crostella (1977) one of the major differences between eastern 
and western Indonesia is the presence throughout eastern
Indonesia of Permian and Mesozoic strata. This is not the case
24
TRANSCURRENT AND A DIRECTION OF 
TRENCH TRANSFORM FAULTS T  MOVEMENT
Fig. 4.1 Plate boundaries in Indonesia at present time 
( From Kati1i,1973 ).
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in western Indonesia. These strata may be correlated with the 
Permian and Mesozoic of the northwest Australian shelf.
The plate tectonics model of eastern Indonesia shows 
similarities with that of western Indonesia (Katili, 1973), 
except that in eastern Indonesia, a foreland basin is not present 
behind the island arc. More complicated structural belts are 
present in the form of an interarc, a third arc and a small 
deep-sea basin in eastern Indonesia. Koesoemadinata (1978) 
classified Indonesian Tertiary sedimentary basins into:
intermontane, back deep, inter-deep, delta and continental 
marginal basins.
4.2 SUMATERA
The structural development of Sumatera is generally 
attributed to the interaction of two major crustal plates: the 
Southeast Asian plate (Sunda Shield) and the Indian Ocean plate 
(Katili, 1973; 1980; Pulunggono, 1976; Hamilton, 1979). This 
interaction caused strong deformation of the Mesozoic and 
Palaeozoic complexes of the Barisan Range, situated on the 
western side of the island. East of the Barisan Range, along the 
western edge of the Sunda Shield, a series of Tertiary foreland 
basins were developed, one of these being the South Sumatera 
Basin. The intermontane Ombilin Basin is developed in the
26
western part of the island. In relation to coal deposition, the 
most important sedimentary basins are Palaeogene intermontane 
basins, Neogene backdeep basins and Neogene deltaic basins 
(Koesoemadinata, 1978).
In Sumatera, Tertiary transgression was commonly preceded by 
Palaeogene intermontane basin development. Block faulting played 
an important role, and sediments are typically non—marine, 
although some marine incursions occurred in the Early Eocene. 
Coal seams deposited within these basins are interbedded with 
lacustrine, fluviatile, alluvial plain and near shore deposits 
(Koesoemadinata, 1978; Eubank and Makki, 1981). The coal seams 
tend to be limited in lateral extent but numerous seams are 
present within the coal measure^sequence.
A Neogene basinal backdeep basin developed where marine 
clastic sedimentation occurred immediately above the Palaeogene 
sediments, forming some local basal unconformities 
(Koesoemadinata, 1978; De Coster, 1974 and Pulunggono, 1976). 
This marine sedimentation cycle terminated with a regression 
sequence when vast swampy areas developed, resulting in 
extensive coal deposits such as in South Sumatera basinal area. 
The deposition of coal took place in a paralic to limnic and 
brackish environment.
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4.2.1 Bukit Asam Coalfield
The Tertiary sediments of the Bukit Asam area were deposited 
in the South Sumatera Basin. This basin forms part of the Muara 
Enim Anticlinorium. The regional stratigraphy of the South 
Sumatera coal province is described by Shell Mijnbouw (1978). 
Two periods of sedimentation took place: transgressive and 
regressive phases. The Telisa Group was deposited during the 
transgressive phase. The regressive phase resulted in deposition 
of the Palembang Group. A complete stratigraphic seguence for 
the South Sumatera Basin is shown in Figure 4.2.
The workable coal measures of the South Sumatera Basin are 
developed in Muara Enim Formation which occurs in the middle of 
the Palembang Group (Shell Mijnbouw, 1978; Koesoemadinata, 1978; 
Kendarsi, 1984 and Soekarsono, 1984). The thickness of Muara 
Enim Formation is 450 to 750 metres (De Coster, 1974). De Coster 
(1974) and Shell Mijnbouw (1978) interpreted the formation as 
Late Miocene to Pliocene. Many authors, including Edwards and 
Glaessner (1947), Haan (1976), Kendarsi (1984) and Soekarsono 
(1984) believed that six major coal seams and several thin coal
t
layers (an aggregate thickness for all seams of 60 to 90 metres) 
are present in the Bukit Asam area. The thicknesses and names of 
the seams and interseams are shown in Figure 4.3. The Bukit Asam 
coals are autochthonous in origin. Seat earths occur at the base
of the seams.
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INTRUSION |/jf(A SCHIST,PHYLUTE,SLATE,MARBLE
Fig. 4.2 Generalized stratigraphy of the South Sumatera 
Basin ( After Thamrin et al.,1982 ).
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Fig. 4.3 General stratigraphy of the Bulit Asam mining area 
( From Soekarsono, 1984 ).
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4.2.2 Ombilin Coalfield
The Ombilin Coalfield is located on the north-west margin of 
the Eocene Ombilin Basin in central west Sumatera. The basin is 
structurally controlled by wrench faulting which is related to 
the Great Sumatera Fault Zone (De Coster, 1974 and Harsa, 1975).
The Palaeogene cycle of sedimentation in the Ombilin Basin 
represents the initial terrestrial phase of the Tertiary seguence 
(Koesoemadinata, 1978; Eubank and Makki, 1981). The Palaeogene 
seguence was deposited in an intermontane basin, which developed 
at the beginning of the Tertiary when the pre-Tertiary landmass 
was block-faulted into grabens. The graben-like basin was filled 
from all sides by alluvial fans, while several lakes existed in 
the central basin. As the topographic relief decreased, the 
basin became an alluvial valley with meandering rivers followed 
by a braided river system, before it was folded and uplifted in 
the Early Miocene (Koesoemadinata, 1978; Eubank and Makki,
1981). A number of sub-parallel anticlines and synclines are 
present in the Ombilin Basin, mostly bounded by major faults 
which trend principally E-W, NE-SW, and NW-SE (Figure 4.4). The 
coal measures occur in two stratigraphic units: the Sawahlunto 
Formation and the Poro Member of the Sawahtambang Formation 
(Figure 4.5). Three coal seams (A, B and C) occur in the 
Sawahlunto Formation (Unit E4 of Marubeni—Kaiser, 1971). A
31
Fig. 4.4 Regional geological structure in the Ombilin 
Coalfield ( From Marubeni-Kaiser,1971 ).
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detailed stratigraphic sequence of the coal measures is shown in 
Figure 4.6.
Coal seams of the Poro Member of the Sawahtambang Formation 
are exposed on the SE part of the Ombilin Basin. The coal seams 
are very thin (15 to 18 cm thick).
4.3 KALIMANTAN
4.3.1 General
In eastern Kalimantan, marginal basins developed as the 
result of Miocene rifting of Sulawesi from Kalimantan (Katili, 
1973; Audley-Charles, 1975; Hamilton, 1976; Koesoemadinata, 
1978). Two large deltas prograded from the Sunda Landmass in the 
west over the oceanic crust of the Makassar Strait.
According to Samuel and Muchsin (1975), an overall westward 
marine transgression prevailed in the northwest Kutai Basin until 
Late Oligocene when orogenic activity and the initial emergence 
of the Kucing High reversed the direction of shoreline 
migration. In the central Kutai Basin, marine transgression was 
dominant through the Early-Middle Miocene. Koesoemadinata (1978) 
suggested that from Middle Miocene to Recent, the axis of the 
Kutai Basin depocentre migrated eastward because of deposition of
34
X
ooQ.UJ
«4
2  Z
cc O  
O P
Ik  ^
H
Z
=>
o  >
X ofc o
-i -J
d e s c r ip t io n
UJ
z
UJoo
UJ
oH
Z3_JZ<
<(0
UJ
\ I I'
• * » %
■
IIII11
111
III» 1
CLAYSTONE, SILTSTONE AND SANDSTONE
A1 SEAM WITH SMALL CLAY PARTINGS 
(1 TO 3.5 METRES)
CLAYSTONE,SILTSTONE AND SANDSTONE 
(7 TO 10 METRES)
B1 SEAM (1 TO 2 METRES)
CLAYSTONE .SILTSTONE (2 TO 3 METRES) 
B2 SEAM (1.5 TO 2 METRES)
CLAYSTONE, SILTSTONE AND SANDSTONE 
(15 TO 20 METRES)
C COAL, SMALL CLAY PARTINGS 
(3 TO 5 METRES)
CLAYSTONE AND SILTSTONE
Fig. 4.6 General stratigraphy of Ombilin area 
( After Marubeni-Kaiser,1971 ).
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sediments derived from the emergent western source area. The 
deposition of coal took place in a deltaic environment.
During the Late Miocene, uplift of the Meratus Mountains 
divided the southern Kutai Basin into the Barito and Pasir Sub­
basins. Stratigraphic sequence of the Kutai Basin is shown in 
Figure 4.7.
The geology of the Barito Sub-basin has been discussed by 
Pelton (1974), Samuel and Muchsin (1975) and Siregar and Sunaryo 
(1980). Sedimentation occurred during one complete cycle of 
transgression and regression (Figure 4.8).
4.3.2 Palaeogene Coals
Palaeogene coal measures are present in the Pasir and Barito 
Sub-basins. Resting on pre-Tertiary ultramafic rocks and 
mudstone or conglomerate, three coal seams are recognised in the 
Pasir Sub-basin (Samuel and Muchsin, 1975). Tanjung Formation 
(Middle Eocene) which is the oldest Tertiary sedimentary section 
in the Barito Sub-basin (Figure 4.8) consists of sandstones, 
shales, conglomerates and coal seams. Samuel and Muchsin (1975) 
and Siregar and Sunaryo (1980) reported that the Tanjung 
Formation was laid down in fresh to brackish water and deltaic 
environments, with increasing marine influence in the younger
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sediments. Five coal seams are present. Their average dip 
direction is 30° west of north (range 15° to 70° west of north).
4.3.3 Neoqene Coal
Neogene coal measures are present in the Kutai Basin and
Barito Sub-basins. The principal coal-bearing strata in the 
Kutai Basin are the Early Miocene Pamaluan and Pulubalang
Formations and the Miocene to Pliocene Balikpapan and Kampuncjbaru 
Formations. In the west and south of the Samarinda, the
Pulubalang Formation consists of a series of limestone lenses, 
calcareous mudstones and thin sandstones which are essentially 
marine. The overlying Lower Balikpapan Formation consists of a 
series of coal measures which are indicative of a deltaic 
environment (Samuel and Muchsin, 1975; Siregar and Sunaryo, 
1980). The Upper Balikpapan Formation contains a greater 
proportion of sandstone, the deltaic sequence becoming more 
strongly influenced by fluvial processes. In the Barito 
Sub-basin, thick beds (up to 3 metres) of Neogene coals are
widespread in the paralic Warukin and Dahor Formations.
4.4 WEST JAVA COALFIELD
Palaeogene and Neogene coals are not well developed in Java 
(Koesoemadinata, 1978). Terrestrial pre-transgressive sediment­
ation took place in West Java only (Bayah and Cimandiri areas),
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and resulted in coal deposition, whereas in Central and East Java 
sedimentation was associated with a marine transgression which 
occurred over the pre-Tertiary basement. The Palaeogene coals 
are included in a monotonous series of guartz-sandstones (partly 
conglomeratic) and claystones of Bayah Formation (Figure 4.9). 
The Eocene sediments are strongly folded' particularly in the 
Cimandiri area. In this area, the coal seams reach dips of up to 
90° (Koesoemadinata and Matasak, 1981). Some small andesite 
intrusions occur in the Cimandiri. The coal seams seldom exceed 
a thickness of one metre, and exceptionally are two metres in 
thickness.
Up to nine seams occur in some sections (Koesoemadinata and 
Matasak, 1981). In some localities the coals are highly lentic­
ular. No reliable index-strata are available for correlation of 
the various coal measures. The Neogene coal seams occur in an 
upper Miocene tuffaceous series which consists of sandstones, 
mudstones, conglomerates, pumiceous and guartz-bearing tuffs and 
tuff-breccias.
4.5 SOUTHEAST AUSTRALIA
Structure and development of 
Australia have been discussed by
the southern margin of 
many authors, including
Griffiths (1971), Elliot (1972), Falvey (1974), Deighton et al.
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(1976), Weissel et al. (1977) and Smith (1981; 1982). According 
to these authors, three basins in Southern Australia (Figure 
4.10) are products of the forces and plate movements associated 
with fragmentation of the Pacific margin of the ancient 
continental landmass Gondwanaland (comprising Australia, 
Antarctica and the area containing Lord Howe Rise, New Zealand, 
Chatham Rise and the Campbell Plateau). The tectonic model of 
southeast Australia has been simplified by Elliott (1972), Shaw 
(1978) and Smith (1981; 1982) into two stages: rift and drift. 
In the Late Jurassic or Early Cretaceous, a rift valley 
formed by crustal thinning and resulted in subsidence of 
continental crust. The rift system extended from the Otway Basin 
through the Gippsland- Basin and on to Lord Howe Rise (a part of 
eastern Australia at that time). During the Late Cretaceous, 
Australia drifted from Antarctica sufficiently to allow the 
southern Indian Ocean to invade the Otway Basin and to allow the 
development of deltas across the coastal regions. During the 
Early Tertiary, crustal tension continued to shape the Bass and 
the Gippsland Basins, where thick fluvial sediments were 
deposited.
4.5.1 Gippsland Onshore Basin
The Gippsland Basin, located onshore and offshore, has three 
major structural domains. They are separated by fault complexes: 
the Lakes Entrance Platform, the graben-like Central Deep and the
42
Fig. 4.10 South-eastern Australia showing the location 
of Gippsland, Bass and Otway Basins.
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South Platform (Hocking and Taylor, 1964; Douglas and Ferguson, 
1976; Colman, 1976; Threlfall et al., 1976; Smith, 1982) (Figure 
4.11). Lower and upper Cretaceous rocks are largely confined to 
the central trough, whereas Tertiary deposits overlap basement on 
the platforms to the north and south. Hocking and Taylor (1964), 
Gloe (1960) and Smith (1981; 1982) sub-divided regional structure 
of the onshore part of the Gippsland Basin into: Latrobe Valley­
Lake Wellington Depression, Baragwanath Anticline and Alberton- 
Seaspray Depression. Within the Latrobe Valley-Lake Wellington 
Depression, a series of en echelon structures were recognised, 
the more important being the Yallourn, Morwell and Rosedale 
Monoclines and the Baragwanath Anticline. Other structures 
present include the Loy Yang Dome, and the Traralgon and 
Gormandale Synclines. The Latrobe Valley-Lake Wellington 
Depression contains a largely conformable Middle Eocene to Late 
Miocene sequence of the Latrobe Valley coal measures (Thomas and 
Baragwanath, 1949; Smith, 1981; 1982). Age relationships of the 
major stratigraphic units in the Latrobe Valley coal measures are 
given in Figure 4.12. According to Gloe (1976) and Smith (1981;
1982), three main recognisable coal-forming episodes (or 
fluvio-lacustrine cycles) are present which led to the successive 
formation of the Traralgon, Morwell and Yallourn Seams. The 
Traralgon cycle was deposited in the Middle Eocene to Early 
Oligocene and passes eastwards into the fluvio-deltaic coal 
bearing sequences in the offshore Gippsland Basin. Thick coal
Fig. 4.11 Present structural divisions of the Gippsland Basin 
( From Smith,1982 ).
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Fig. 4.12 Lithostratigraphic units in the Latrobe
Valley and their relationship (tentative) 
to the chronostratigraphic units ( From 
Smith,1982 ).
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seams (Traralgon and equivalents) developed over the flanks of 
the emerging Baragwanath Anticline and along the western margins 
of the Seaspray and Alberton Depressions. The succeeding Morwell 
cycle is dominated by the thick (more than 90 m) and laterally 
persistent Morwell Seam and equivalents which developed during 
the Early Oligocene to Early Miocene behind a stable barrier 
coastline. Thickest peat development occurred on slowly 
subsiding, structurally positive areas along the southern and 
western parts of the Latrobe Valley-Lake Wellington Depression. 
The main fluvial channels flowed to the east along the northern 
part of the depression. Lacustrine muds and sands and thin beds 
of coal were deposited in the Early to Middle Miocene. During 
the Pliocene to Recent, thin alluvial and fluvial sequences 
accumulated in the onshore part of the Gippsland Basin. These 
sediments are disconformable over the Early Middle Tertiary 
sequences in some areas, but are unconformable in areas eroded 
during the Late Miocene.
Loy Yang
The general structure of this area is controlled to a large 
degree by the large, elongate Loy Yang Dome. The axis of the 
general structure strikes approximately east-west. The Yalloum 
and Morwell Groups are present in the Loy Yang area. They are 
underlain by the Traralgon Group. This includes major coal seams
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which are not represented in the Vallourn and Morwell areas. 
According to Gloe (1975) the Traralgon Seam was first recognised 
in the centre and along the southern flanks on the Loy Yang 
Dome. Here, the coal attains a thickness of 60 metres and occurs 
at approximately 60 metres below the base of the Morwell-2 Seam.
Morwell
In the Morwell area, coal measures are divided into three 
groups. The oldest, including about 150 metres of sediments with 
interfingering flows of basalts^ has been named the Hazelwood 
Group (Gloe, 1975; 1976; Smith, 1981; 1982). The other two 
groups are Morwell Group and the upper section of the Thorpdale 
Volcanics.
The Morwell Group includes a complex system of thick (up to 
90 metres) coal seams. These seams maintain their thickness over 
large areas. In this area, the Latrobe Seam splits. Geology and 
typical cross sections of the Latrobe Valley are shown in Figures 
4.13 and 4.14 respectively. Thin beds of alluvium, including 
some Recent peat beds are present along the valleys of the major 
streams in the Morwell area. Morwell Monocline and numerous 
small faults also occur in the Morwell area (Thomas and 
Baragwanath, 1949; Gloe, 1975; Smith, 1981; 1982). Most faults 
are normal faults, associated with adjacent monoclinal flexures 
but some reverse faults have also been recognised.
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Fig. 4.13 Geology of the Latrobe Valley, Australia ( From Gloe,1976 ).
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Yallourn
The youngest of the Latrobe Valley coal seams is the 
Yallourn Seam. It attains maximum thickness in synclinal areas 
(97 metres in the Yallourn Syncline). The coal seams are 
strongly jointed.
Yallourn North Extension
The geological and structural features of this area 
correspond to the Yallourn and Morwell areas. Economic deposits 
of the Latrobe Seam have been preserved from erosion on the 
upthrown side of the Yallourn Monocline along the northern edge 
of the Latrobe Valley-Lake Wellington Depression. This seam is 
the oldest seam in the Yallourn-Morwell area. Strong compression 
from the north has resulted in sharp folding adjacent to the 
Yallourn Monocline and in some places has resulted in faulting 
(Gloe, 1960).
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CHAPTER FIVE 
COAL TYPE
5.1 SUMATERA
5.1.1 General
The Sumateran coals consist essentially of vitrinite and 
liptinite groups of macerals. Vitrinite consists mainly of 
interbedded detrovitrinite matrix and telovitrinite bands. 
Gelovitrinite, including corpovitrinite and porigelinite occurs 
throughout the coals. Liptinite consists of resinite, cutinite, 
suberinite, sporinite, liptodetrinite, fluorinite and 
exsudatinite. Botryococcus-type alginite is present in Ombilin 
coals. Inertinite is rarely present in Sumateran coals. About 
50?o of the inertinite fraction is semifusinite and the rest is 
fungal sclerotinite,.inertodetrinite and rare fusinite.
The coal samples have a low mineral matter content (less 
than 5?o) which includes mainly pyrite and clay. Pyrite occurs 
aas fine grains throughout the coals. Clay occurs mostly as fine 
grained inclusions dispersed throughout the coals. Clay infills 
plant cell cavities, generally in vitrinite.
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5.1.2 Bukit Asam
Vitrinite, liptinite and inertinite occur in the Bukit Asam 
coals. The samples from each coal seam have a similarity of 
maceral composition. The petrographic analysis of the samples 
studied, according to coal seam (ranging, A1, A2, B1, B2 and C) 
is given in Appendix 1.1. Figure 5.1 shows the maceral 
compositions of the coal samples on a ternary diagram.
Because of the thermal effects from an intrusion, Bukit Asam
TAie
coals are divided into unaffected and heat affected coals, 
unaffected and affected coals have different maceral compositions 
(Figures 5.2 and 5.3).
VITRINITE
Vitrinite content of the coals unaffected by contact
alteration varies from 76% to 96% (average 87%). 1^6 c.OJ%\§
C o m p r c k «a matrix (detrovitrinite), thin layers or small lenses o j
telovitrinite associated with liptinite and inertinite (Plates 
1 and 2). Some of the telovitrinite cell lumens are infilled 
with fluorinite (Plates 3 and 4) or resinite. In some cases they 
are filled by clay. Gelovitrinite, mainly corpovitrinite and 
porigelinite are scattered throughout the coals. In places, 
porigelinite occurs as thin bands. Gelification of
telovitrinite increases progressively with rank. The thermally
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V IT R I N I T E  (%)
Fig. 5.1 Maceral compositions of Bukit Asam coals, South 
Sumatera.
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Plate 1
Plate 2 
Plate 3
Plate 4 
Plate 8
Plate 9 
Plate 1
Detrovitrinite matrix with thin telovitrinite layers 
associated with semifusinite, sclerotinite, resinite 
and sporinite. _
Sample No.19420, Bukit Asam coal, C Seam, Rvmax = 
0.41%, field width = 0.22mm, fluorescence mode.
As for Plate 1, but in reflected white light.
Fluorinite infilling cell lumens in vitrinite.
Sample No. 19417, Bukit Asam coal, Âj Seam, Rvmax = 
0.36%, field width = 0.28mm, fluorescence mode.
As for Plate 3, but in reflected white light.
Resinite infilling cell lumens and concentrated in 
distinct layers in gelified telovitrinite. __
Sample No.19299, Bukit Asam coal, Âj Seam, Rvmax = 
0.42%, field width = 0.22mm, fluorescence mode.
As for Plate 8, but in reflected white light.
: Suberinite associated with corpovitrinite and 
telovitrinite.
Sample No.19345, Bukit Asam coal, HD54, A2 Seam, Rvmax 
= 0.42%, field width = 0.22mm, fluorescence mode.
Plate 11: As for Plate 10, but in reflected white light.
PLATE 2PLATE 1
PLATE 3 PLATE 4
PLATE 8
PLATE 10 PLATE 11
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Fig. 5.2 Average macérai compositions of coals from Bukit Asam 
according to coal seams ( excluding heat affected 
coals ).
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Fig. 5.3 Average macérai compositions of heat affected coals 
from Bukit Asam according to coal seams.
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affected coals have vitrinite content ranges from 90% to 98% 
(average 95%). Telovitrinite is the main type of vitrinite. It 
is mostly structureless, although some have cell structure. In 
some cases, vitrinite is layered and has a lower reflectance than 
the more massive vitrinite. Pores are present in some samples. 
Plates 5 to 7 show textural features of vitrinite, starting from 
coals unaffected by contact alteration through to the most 
strongly thermally affected coals.
LIPTINITE
As shown in Appendix 1.1 and Figures 5.2 and 5.3, the 
liptinite group constitutes a higher percentage in coals 
unaffected by contact alteration than in thermally affected 
coals. Liptinite content of the coals unaffected by contact 
alteration varies from 2% to 15% (average 7%). Thermally 
affected coals have trace amounts of liptinite. The liptinites 
include mainly resinite, cutinite, liptodetrinite and suberinite 
with minor sporinite and fluorinite and rare exsudatinite. 
Resinite is associated with most microlithotypes, but mainly with 
clarite. This macérai mostly occurs as small (about 0.06mm) 
discrete bodies which are commonly globular. Some resinite is 
concentrated in distinct layers (Plates 8 and 9). Resinite has 
low reflectance and yellow to orange fluorescence in ultraviolet- 
violet light excitation.
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Suberinite comprises the dominant liptinite maceral (up to 
5%) in some coals. It occurs in distinct layers. Generally, 
suberinite of Bukit Asam coals has strong green to yellow 
fluorescence (Plates 10 and 11). Liptodetrinite is a significant 
component of Bukit Asam coals and occurs as a fine degradation 
product of other liptinite macerals. It has a bright yellow to 
orange fluorescence. Cutinite is common (1?o to 3%) and present 
as tenuicutinite. It has yellowish orange fluorescence.
Fluorinite is also common in some of the Bukit Asam coals. 
It has low reflectance and green fluorescence. Fluorinite 
commonly infilling cell lumens and discrete small bodies. 
Sporinite is rare in Bukit Asam coals (mostly less than 1%). It 
has a yellow fluorescence. Exsudatinite occurs in few samples. 
It has a very bright yellow to orange fluorescence (Plates 12 and 
13). According to Teichmuller (1973; 1982) exsudatinite is a 
resinous material that fills veins or bedding plane joints. It 
originates as a product exuded from liptinite (particularly 
resin-type material) and vitrinite into cavities. Exsudatinite 
occurs mainly in the sub-bituminous coals.
INERTINITE
Inertinite is generally rare in Bukit Asam coals; few coals 
contain more than 3%. Semifusinite is generally dominant over 
sclerotinite and inertodetrinite and fusinite^rare. Micrinite
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Plate 5
Plate 6
Plate 7
Detrovitrinite matrix (attrinite) and sclerotinite in 
coal not affected by contact alteration. _
Sample No.19351, Bukit Asam coal, HD51, C Seam, Rvmax = 
0.41%, field width = 0.36mm, reflected white light.
Dense vitrinite, thermally affected coal.
Sample No.19342, Bukit Asam coal, HD56, C Seam, Rvmax = 
0.89%, field width = 0.28mm, reflected white light.
Pores in vitrinite of thermally affected coal. Sample 
No.19393, Bukit Asam coal, C Seam, Rvmax = 2.28%, field 
width = 0.22mm, reflected white light.
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Plate
Plate
#
Plate
Plate
Plate
Plate
Plate
Plate
12: Exsudatinite (?) infilling fractures in detrovitrinite. 
Sample No.19294, Bukit Asam coal, Seam, Rvmax =
0.40%, field width = 0.44mm, fluorescence mode.
13: As for Plate 12, but in reflected white light.
14: Resinite .infilling cells in sclerotinite (sclerotium). 
Sample No.19301, Bukit Asam coal, Â  Seam, Rvmax =
0.38%, field width = 0.28mm, fluorescence mode.
15: As for Plate 14, but in reflected white light.
18: Cutinite in vitrinite. _
Sample No.19447, Ombilin coal, B̂  Seam, Rvmax = 0.65%, 
field width = 0.28mm, fluorescence mode.
19: As for Plate 18, but in reflected white light.
20: Alginite (Botryococcus sp.) rich coal with a
detrovitrinite matrix. _
Sample No.19442, Ombilin coal, A Seam, Rvmax = 0.64%, 
field width = 0.14mm, fluorescence mode.
21: As for Plate 20, but in reflected white light.
PLATE 12 PLATE 13
PLATE 20 PLATE 21
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and macrinite occur in some coals. Sclerotinite includes single 
and twin celled teleutospores and sclerotia. Some cells of 
fungal sclerotinite are filled by resinite (Plates 14 and 15) and 
mineral matter. Inertinite contents of the coals unaffected by 
contact alteration vary from 1?o to 8?o (average 3%), A2 Seam has 
the highest inertinite content (average 5%) among the five coal 
seams. The high inertinite contents in the A2 Seam confirm that
aerobic conditions existed 
Stach, 1968; 1982).
A
eposition of that seam (i.e.
Inertinite contents of all coal seams in the thermally 
affected coal suite are similar (average 3%), Fusinite and 
semifusinite of Bukit Asam coals occur as layers or lenses (Plate 
16). Cell walls of the fusinite and semifusinite vary in 
thickness and degree of preservation. Sclerotinite and 
inertodetrinite are scattered throughout the coals. Micrinite is 
present generally as small (less than 0.01mm) irregularly shaped 
grains.
MINERAL MATTER
Mineral matter is rare in Bukit Asam coals (from trace to 
5?o, average 2?o). It is represented by clay occurring as pods and 
infilling cell lumens. Traces of pyrite are disseminated 
throughout the coals. Mineral matter content of thermally
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Plate 16: Typical semifusinite interbedded with detrovitrinite in 
Bukit Asam coal.
Sample No.19292, A<j Seam, Rvmax = 0.41%, field width = 
0.44mm, reflected white light.
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affected coals is slightly higher than that of coals unaffected 
by contact alteration.
The liptinite and inertinite contents of Bukit Asam coals 
are systematically related to vitrinite content. Liptinite and 
inertinite contents (Figures 5.4A and 5.4B) decrease with 
increases in vitrinite content. The liptinite content is not 
related to the inertinite content (Figure 5.4C).
# *
5.1.3 Ombilin .
Microscopic studies of 36 coal samples from four coal seams 
(A, B-j, B2 and C) in the Ombilin Coalfield reveal that all 
samples are composed largely of vitrinite and liptinite with 
inertinite being rare (Appendix 1.2).
Macérai composition of each coal seam is shown in Figure 
5.5. Slightly different macérai compositions exist between coal 
seams. For example, vitrinite content increases slightly from A 
Seam through to C Seam. Figure 5.6 shows macérai compositions of 
Ombilin coals on a ternary diagram. Thermally affected coals 
commonly contain vitrinite and rare inertinite, but no 
recognizable liptinite.
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Fig, 5.4 Relation between vitrlnite, Inertinite and liptinite contents of Buklt Asam coals 
( excluding heat affected coals )
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Fig. 5.5 Average macérai compositions of Ombilin coals 
according to coal seams
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Fig. 5.6 Maceral compositions of Ombilin coals 
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VITRINITE
The vitrinite content in Ombilin coals has a range between 
80?o and 96% (average 90%). Detrovitrinite forms a matrix for 
isolated thin bands of telovitrinite and for liptinite (Plate 
17). The detrovitrinite matrix comprises more than 50?o of the 
total vitrinite in most of the coal samples.
Gelovitrinite (mainly corpovitrinite and porigelinite) 
occurs throughout the coals. They are commonly associated with 
suberinite.
LIPTINITE
Liptinite content ranges from 2% to 14% (average 6%). 
Cutinite, resinite and liptodetrinite are the dominant liptinite 
macerals, although suberinite and sporinite are dominant in some 
occurrences. Fluorinite, exsudatinite and alginite occur in a 
few samples and are rare.
Cutinite constitutes over 5% of some samples. It occurs 
mostly as thin-walled cutinite (tenuicutinite). The cutinite has 
weak to moderate intensity orange fluorescence (PLates 18 and 
19). In some cases, it does not fluoresce. Liptodetrinite 
constitutes up to 6% of some samples in Ombilin coals. The
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Plate 17: Detrovitrinite matrix, thin layers of telovitrinite and 
cutinite.
Sample No. 19455, Ombilin coal, B Seam, Rvmax = 0.70?o, 
field width = 0.22mm, reflected white light.
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liptodetrinite has low reflectance and yellow to orange
fluorescence. Resinite is present in most of the samples,
although its content is trace to 1%. The resinite occurs as
discrete small bodies (less than 0.06mm). It has greenish
yellow to yellow fluorescence. Suberinite constitutes more than 
* 2% of some coal samples. It typically shows weak orange
fluorescence but in some cases does not fluoresce. Non­
fluorescing suberinite is difficult to distinguish from
vitrinite. Sporinite is a dominant liptinite maceral in some 
samples. It occurs mostly as miospores and pollen and is
disseminated throughout the coals. Sporinite has yellow to
orange fluorescence. Flouorinite is rare in Ombilin coals. It 
has a greenish yellow fluorescence. Alginite is present in some 
samples. Its content is variable, ranging from 2% in sample 
No.19442 (A Seam) to traces in sample No.19429 (B̂  Seam).
Alginite is referable to Botryococcus sp. (Plates 20 and 21). 
Significant variation in liptinite fluorescence colours exists 
between the samples. The alginite has yellow to orange
fluorescence.
INERTINITE
Inertinite is a minor constituent in the samples. The 
inertinite content varies between a trace and 6% (average 2%). 
Sclerotinite is the dominant inertinite group maceral and
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consists of sclerotia, single and twin celled teleutospores and 
teleutospores with three and four cells (Plates 22 and 23),
Semifusinite occurs as thin layers and rarely as isolated 
lenses in a detrovitrinite matrix. Inertodetrinite constitutes 
*\% (average) of Ombilin coals. It occurs as angular and irregular 
forms disseminated throughout the coals.
MINERAL MATTER
Mineral matter includes mainly clay and pyrite and is rare 
in Ombilin coals. It generally constitutes a trace to 1%, 
although some samples contain more than 3%. Most of the mineral 
matter occurs as pods disseminated throughout the coals. 
Framboidal pyrite (Plate 24) is common in the thinner seam.
Figure 3.7 shows that liptinite and inertinite contents of 
Ombilin coals are systematically related to vitrinite content. 
Liptinite and inertinite contents (Figures 5.7A and 5.7B) 
decrease with increases in vitrinite content. The liptinite 
content is not related to the inertinite content (Figure 5.7C).
3.2 KALIMANTAN
5.2.1 General
Maceral analyses were carried out for Palaeogene and Neogene 
coals of both East and South Kalimantan Coalfields. The
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Plate 22: Single and four celled teleutospores and sclerotia in 
detrovitrinite.
Sample No.19455, Ombilin coal, B Seam, Rvmax = 0.70%, 
field width = 0.22mm, reflected white light.
Plate 23: Single, twin and three celled teleutospores, suberinite 
and resinite in detrovitrinite.
Sample No.19455, Ombilin coal, B Seam, Rvmax = 0.70%, 
field width = 0.22mm, reflected white light.
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Plate 24: Pyrite rich coal comprising detrovitrinite and abundant 
liptinite.
Sample No. 19446, Ombilin coal, B̂j Seam, Rvmax = 0.55%, 
field width = 0.28mm, reflected white light.
Plate 25: Resinite as rodlets and infilling cell lumens in 
vitrinite.
Sample No.19490, Palaeogene coal, East Kalimantan, 
Rvmax = 0.57%, field width = 0.22mm, fluorescence mode.
Plate 26: As for Plate 25, but in reflected white light.
Plate 27: Sporinite (?) associated with resinite in vitrinite.
Sample No.19501, Palaeogene coal, South Kalimantan, 
Rvmax = 0.53%, field width = 0.44mm, fluorescence mode.
Plate 28: As for Plate 27, but in reflected white light.
Plate 29: Resinite infilling cell lumens in distinct layers with 
telovitrinite.
Sample No.19483, Neogene coal, East Kalimantan, Rvmax = 
0.46%, field width = 0.28mm, fluorescence mode.
Plate 30: As for Plate 29, but in reflected white light.
Plate 31: Thick wall cuticle (crassicutinite) in vitrinite.
Sample No.19477, Neogene coal, East Kalimantan, Rvmax = 
0.45%, field width = 0.28mm, fluorescence mode.
Plate 32: As for Plate 31, but in reflected white light.
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Palaeogene and Neogene coals consist mostly of vitrinite and 
liptinite with rare inertinite. Vitrinite and inertinite 
contents decrease slightly from Neogene to Palaeogene coals. 
Liptinite and mineral matter contents, on the other hand, 
increase slightly from Neogene to Palaeogene coals. Liptinites 
in the Palaeogene coals /have yellow to orange fluorescence, 
whereas Neogene coals have green to yellow fluorescence. 
Sporinite is dominant in Palaeogene coals but is rare in Neogene 
coals. Exsudatinite and sporangia are present in some Palaeogene 
coals.
5.2.2 Palaeogene
The maceral analyses of different Palaeogene samples from 
East and South Kalimantan are illustrated in Figures 5.8 and 
5.9. Also the variation in the maceral composition with 
different localities is shown in Appendix 1.3. Vitrinite is the 
dominant constituent of Palaeogene coals in East and South 
Kalimantan. The vitrinite content ranges from 80% to 8 8% 
(average 84%)in East Kalimantan and between 76% and 9 4% (average 
83%) in South Kalimantan. Liptinite constitutes from 6% to 13% 
(average 10%) in East Kalimantan and between 3% and 19% (average 
12%) in South Kalimantan. The liptinite has yellow to orange 
fluorescence. Inertinite is rare, with few samples containing 
more than 5%. Mineral matter including clay and pyrite is common 
(over 5%) in some samples.
LOCATION
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KALIMANTAN
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Fig. 5.8 Average macerai compositions of Kalimantan Palaeogene coals
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VITRINITE
Telovitrinite occurs as thin isolated bands in thicker 
layers with a detrovitrinite matrix. Gelovitrinite (mainly 
corpovitrinite and porigelinite) is scattered throughout the 
coals. It mostly is associated with suberinite.
LIPTINITE
Overall, liptinite of Palaeogene coals is dominated by 
cutinite, sporinite and resinite, although suberinite and 
liptodetrinite are each dominant in some occurrences. 
Exsudatinite and sporangia are present in few samples.
Resinite constitutes up to 3?o in East Kalimantan and over 7?o 
in South Kalimantan. The resinite commonly occurs as rodlets and 
infilling cell lumens. It has yellow to orange fluorescence 
(Plates 25 and 26). Cutinite which has weak yellow to orange 
fluorescence, constitutes up to 6% of some samples. It is 
present as thin cuticle (tenuicutinite). Sporinite is 
significantly high, up to 6% in South Kalimantan and 3% in East 
Kalimantan.
The sporinite typically occurs evenly disseminated 
throughout the coals although some sporinite rich lenses occur
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locally. It has yellow to orange fluorescence (Plates 27 and 
28). Suberinite is present in all samples, but its content is 
less than 2%, The suberinite typically has weak yellow to orange 
fluorescence but in some cases it does not fluoresce.
INERTINITE
Semifusinite, sclerotinite and inertodetrinite are the 
dominant inertinite macerals whilst fusinite and micrinite are 
only present in some samples. Sclerotinite including single and 
twin-celled teleutospores constitutes from 1% to 2% (average 
1?5). It is mostly disseminated throughout the coals although 
some local concentrations occur. Semifusinite commonly forms 
thin layers or lenses isolated in a detrovitrinite matrix. The 
semifusinite constitutes a trace except for one sample (No.19501) 
which contains 2?o. Inertodetrinite content ranges between a 
trace and 2% (average 1?o). It is evenly disseminated throughout 
the coals. Fusinite occurs as isolated lenses.
MINERAL MATTER
Mineral matter including clay and pyrite is 
common in Palaeogene coals. The mineral matter content ranges 
from 155 to 6% (average 355), although one sample (No. 19489) 
contains '\'\% mineral matter. It mostly forms as pods
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disseminated throughout the coals and in some cases infilling 
cell lumens.
The liptinite and inertinite contents of East and South 
Kalimantan Palaeogene coals are systematically related to 
vitrinite content. Liptinite and inertinite contents decrease 
with increases in vitrinite content (Figures 5.10A and 5.1 OB). 
The liptinite content is not related to the inertinite content 
(Figure 5.10C).
5.2.3 Neoqene
Petrographic studies on 25 Neogene coal samples from East 
and South Kalimantan reveal that all samples have a high 
vitrinite content, common liptinite and rare inertinite (Figure 
5.11). Mineral matter (mainly clay and pyrite) #5 present. 
Appendix 1.4 shows macérai analyses from different localities. 
Macérai compositions on a ternary diagram are illustrated in 
Figure 5.12.
VITRINITE
Vitrinite of East Kalimantan Neogene coals ranges from 
to 95?o (average 86?o) and in South Kalimantan Neogene coals ranges 
from 87% and 90% (average 88%). Vitrinite mostly occurs as thick
E A S T  K A L I M A N T A N S O U T H  K A L I M A N T A N
Fig, 5.10 Relation between vitrinite, inertinite and liptinite of Kalimantan Palaeogene coals
A. Vitrinite and liptinite contents
B. Vitrinite and inertinite contents
C. Inertinite and liptinite contents
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layers with a detrovitrinite matrix interbedded with thin bands 
of telovitrinite. In some cases, thick^massive telovitrinite is 
present with the detrovitrinite-dominated coal. Gelovitrinite 
including corpovitrinite and porigelinite occurs as small 
discrete masses throughout the coals. Some porigelinite has very 
weak yellow to orange fluorescence.
LIPTINITE
Liptinite of East Kalimantan Neogene coals varies between 2% 
and 15?o (average 8?o) and in South Kalimantan Neogene coals ranges 
from 5?o to 8% (average 6?o). Resinite, cutinite and suberinite 
are the dominant liptinite macerals and sporinite, lipto- 
detrinite and fluorinite are rare. Exsudatinite occurs in trace 
amounts in a few samples. Resinite content varies between a 
trace and 6% (average 2%). It mostly occurs as discrete small 
bodies (less than O.O^mm) throughout the coals. Some resinite 
infilling cell lumens, occurs as distinct layers (Plates 29 and 
30). The resinite has low reflectance and fluoresces greenish 
yellow to yellow.
Cutinite consisting of thick walled cuticle (crassicutinite, 
Plates 31 and 32) and thin walled cuticle (tenuicutinite) 
constitutes up to 7?o in some samples. The cutinite has strong 
yellow to orange fluorescence. Suberinite which has weak yellow
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fluorescence constitutes a trace to 1?o, with few samples 
containing more than 2?o. The suberinite is mostly associated
with corpovitrinite.
Fluorinite is common (up to 4?o) in Neogene coals. The 
fluorinite mostly occurs as dark lenses that shows internal 
reflections. It is commonly associated with resinite and 
distinction from resinite is difficult. The fluorinite has
strong greenish yellow fluorescence.
Liptodetrinite which is disseminated throughout the samples 
constitutes a trace to 1%. It has yellow fluorescence.
INERTINITE
Inertinite is rare in Neogene coals, with few samples 
containing over 5?o. Semifusinite is the dominant inertinite 
maceral and it mostly occurs as thin layers or lenses isolated in 
detrovitrinite matrix. In some cases, the semifusinite occurs as 
thin to thick layers interbedded with thin bands of telovitrinite 
(Plate 33). Sclerotinite including single, twin-celled 
teleutospores and sclerotia constitutes a trace to '\% with one 
sample (No.19474) containing up to 2%. It is commonly scattered 
throughout the coals, but some local concentrations occur (Plate 
34). Inertodetrinite (up to 4?o) is disseminated throughout the
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coals. Fusinite, micrinite and macrinite are traces in some 
samples.
The liptinite and inertinite contents of East and South 
Kalimantan Neogene coals are systematically related to vitrinite 
content. Liptinite and inertinite contents decrease with 
increases in vitrinite content (Figures 5.13A and 3.13B). The 
liptinite content is not related to inertinite content (Figure 
3.13C).
5.3 WEST JAVA
Maceral analyses of twenty eight West Java Palaeogene and 
Neogene coals show that vitrinite is the dominant maceral over 
liptinite and inertinite is rare (Figure 5.14). Mineral matter 
(mainly clay and pyrite) is significantly high. Maceral 
compositions on a ternary diagram are shown in Figure 5.15. 
Appendix 1.5 illustrates maceral composition in different 
localities.
VITRINITE
Vitrinite of Palaeogene coals varies between 71 % and 93?o 
(average 88°o) and vitrinite of Neogene coals ranges from 81 % to 
91% (average 87?o). The vitrinite mostly occurs as thick layers
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Plate 33: Inertinite (mainly semifusinite) rich coal.
Detrovitrinite and sclerotinite are present in the 
central layer.
Sample No.19474, Neogene coal, East Kalimantan, Rvmax = 
0.46%, field width = 0.44mm, reflected white light.
Plate 34: Sclerotinite, pyrite and vitrinite. _
Sample No.19478, Neogene coal, East Kalimantan, Rvmax = 
0.47%, field width = 0.34mm, reflected white light.
Plate 35: Telovitrinite interbedded with detrovitrinite and 
clays. _
Sample No.19525, West. Java coal, Palaeogene, Rvmax = 
0.70%, field width = 0.28mm, reflected white light.
Plate 36: Sporangia associated with resinite, cutinite, 
detrovitrinite and telovitrinite.
Sample No.19522, West Java coal, Neogene, Rvmax =
0.36%, field width = 0.22mm, fluorescence mode.
Plate 37: As for Plate 36, but in reflected white light.
Plate 38: Resinite in distinct layer associated with 
telovitrinite.
Sample No.19522, West Java coal, Neogene, Rvmax =
Q.36%, field width = 0.34mm, fluorescence mode.
Plate 39: As for Plate 38, but in reflected white light.
Plate 40: Cutinite and vitrinite forming a leaf coal associated 
with a resinite rich layer.
Sample No.19506, West Java coal, Palaeogene, Rvmax = 
0.64%, field width = 0.44mm, fluorescence mode.
Plate 41: As for Plate 40, but in reflected white light.
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with a detrovitrinite matrix interbedded with thin layers of 
telovitrinite (Plate 35). Gelovitrinite including corpovitrinite 
and porigelinite is present throughout the coals.
LIPTINITE
Resinite and cutinite are the dominant liptinite macerals
f
and suberinite, sporinite, liptodetrinite, fluorinite and 
exsudatinite are present in some samples. Sporangia (Plates 36 
and 37) occur in trace amounts in Neogene samples. The sporangia 
have greenish yellow to yellow fluorescence. Resinite is the 
dominant liptinite maceral (up to 1% in Neogene coals and up to 
3?i in Palaeogene coals). The resinite of Palaeogene coals mostly 
occurs as discrete small bodies (less than 0.06mm) of various 
shapes. In contrast, the resinite of Neogene coals is commonly 
concentrated in distinct layers (Plates 38 and 39). The resinite 
of both Palaeogene and Neogene coals has greenish yellow to 
yellow fluorescence.
Cutinite, the other dominant liptinite maceral (up to 1% in 
Palaeogene coals and up to 5% in Neogene coals) mostly occurs as 
thin cuticles (tenuicutinite), in some cases forming a leaf 
coal (Plates 40 and 41). Cutinite in both Palaeogene and Neogene 
coals has greenish yellow to yellow fluorescence. Sporinite is 
more abundant in Neogene coals than in Palaeogene coals.
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Sporinite of Palaeogene coals constitutes a trace to 1%, while 
the sporinite content of Neogene coals is up to 2%. The 
sporinite has greenish yellow to yellow fluorescence.
Suberinite is common in Neogene coals and less common in 
Palaeogene coals. Some suberinite of both Palaeogene and Neogene 
has weak yellow to orange fluorescence but in some cases it does 
not fluoresce. Fluorinite is present only in Neogene coals. It 
has greenish yellow fluorescence. Liptodetrinite, which is only 
present in Palaeogene coals has greenish yellow to yellow 
fluorescence. It is disseminated throughout the coals. 
Exsudatinite is rare in both Palaeogene and Neogene coal. It 
occurs mostly infilling joints or bedding-plane cracks. The 
exsudatinite has strong greenish yellow to yellow fluorescence 
(Plates 42 and 43).
INERTINITE
Inertinite content of the Palaeogene coals of West Java is 
higher than that of Neogene coals. The inertinite macerals 
include semifusinite, sclerotinite and inertodetrinite. The 
semifusinite content of Palaeogene coals is up to 3?o and that in 
Neogene coals is up to 1%. Sclerotinite and inertodetrinite of 
Palaeogene coals are up to 2% and Neogene coals are up to 1?o. 
Both sclerotinite and inertodetrinite are scattered throughout
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Plate 42: Exsudatinite (?) infilling the fractures of vitrinite. 
Sample No.19527, West Java coal, Palaeogene, Rvmax = 
0.65%, field width = 0.28mm, fluorescence mode.
Plate 43: As for Plate 42, but in reflected white light.
Plate 46: Sporinite including an unseparated tetrad in 
detrovitrinite.
Sample No.18255, Yallourn North Extension coal, medium 
light, Rvmax = 0.31%, field width = 0.06mm, 
fluorescence mode.
Plate 47: As for Plate 46, but in reflected white light.
Plate 48: Thick walled sporinite in detrovitrinite matrix.
Sample No.18248, Morwell coal, dark, Rvmax = 0.32%, 
field width = 0.14mm, fluorescence mode.
Plate 49: As for Plate 48, but in reflected white light.
Plate 50: Suberinite and corpovitrinite.
Sample No.18278, Morwell coal, medium light, Rvmax = 
0.31%, field width = 0.44mm, fluorescence mode.
Plate 51: As for Plate 50, but in reflected white light.
PLATE 4 6  PLATE 47
PLATE 4 8 PLATE 4 9
PLATE 5 0  PLATE 51
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the coals. Sclerotinite includes single and twin-celled 
teleutospores and sclerotia. Some cell lumens are infilled by 
mineral matter. Inertodetrinite occurs as small high reflecting 
particles (less than 0 .02mm).
MINERAL MATTER
Mineral matter of Palaeogene coals (mainly clay and pyrite) 
varies between 1?o and 6% (average 4%) with few samples containing 
up to 13?o mineral matter. Neogene coals constitute 1% mineral 
matter. The clay and pyrite (consists of framboidal and massive 
grain structures) mostly occur as pods disseminated throughout 
the coals. In some cases they infill cell lumens.
The vitrinite, liptinite and inertinite contents of West 
Java Palaeogene and Neogene coals are systematically related to 
each other. Liptinite and inertinite contents decrease with 
increases in vitrinite content (Figures 3.16A and 3.16B). The 
liptinite content tends to increase in inertinite content (Figure 
5.16C).
5.4 SUMMARY OF INDONESIAN COALS
The macérai compositions of the various Indonesian Tertiary 
coal samples are slightly different from each other. Two factors 
can account for these variations: intrusion effects and age. In
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the thermally . affected coals from Bukit Asam and Ombilin 
Coalfields for example, liptinite generally cannot be 
distinguished from vitrinite and therefore appear to contain high 
proportions of vitrinite (ranging from 90% to 99%). However, 
thermally unaffected coals from both coalfields contain 75% to 
90% vitrinite. Liptinite maceral is common in coals unaffected 
by contact alteration with some samples containing up to 15% 
liptinite. In contrast, thermally affected coals have trace 
amounts of liptinite. Fluorinite and exsudatinite are prominent 
in some of the Indonesian coals and occur in association with 
vitrinite.
According to Teichmuller (1973; 1982) the exsudatinite 
occurrences may indicate that significant hydrocarbon generation
Noccurs within at least some terrestrial^sourced organic matter at 
relatively low rank. Both thermally affected and unaffected
coals contain rare inertinite with some samples containing up to 
5%. In some cases, coals with a high inertinite content have a 
relatively high amount of mineral matter. Cook and Johnson 
(1975) have suggested that this may be the result of peat 
ablation in relatively oxidising environments giving an 
unfavourable balance between the rate of accumulation of organic 
material and mineral matter.
Indonesian Tertiary coals are divided into Palaeogene and 
Neogene coals. The most obvious trend for the Sumateran and West
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Java coals is the decrease in the proportion of liptinite and the 
increase in the proportion of vitrinite from Neogene to 
Palaeogene. In contrast, in Kalimantan coals the main trend is 
the increase in the proportion of liptinite and decrease in the 
proportion of vitrinite from Neogene to Palaeogene. Vitrinite in 
the coals unaffected by contact alteration (includes Palaeogene 
and Neogene) consists of thick detrovitrinite matrix (up to 50% 
in some samples) interbedded with thin bands of telovitrinite. 
In some cases thin bands and lenses of telovitrinite are isolated 
in detrovitrinite matrix. Vitrinite of thermally affected coals 
is mostly structureless, massive and few contain pores.
The dominance of vitrinite in Indonesian Tertiary coals is 
indicative of forest type vegetation in humid tropical zone, 
without significant dry events throughout. Vitrinite rich coal 
in some cases has a high content of mineral matter. A number of 
authors including Cook (1975), Shibaoka and Smyth (1975) have 
noted that many seams deposited in areas of rapid subsidence have 
both a high vitrinite content and a high mineral content present 
as discrete dirt bands.
5.5 VICTORIAN COALS
Appendix 1.6 sets out the results of maceral analyses of 
thirty four brown coal samples from Morwell, Yalloum, Yalloum 
North Extension and Loy Yang open cuts, selected to illustrate
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the composition of the range of lithotypes present. Maceral 
compositions of individual coal lithotypes are shown in Figure 
5.17. Victorian brown coals are largely composed of vitrinite 
and liptinite. Inertinite and mineral matter are rare.
VITRINITE
Vitrinite content varies between 76% to 97% (average 91%). 
It mostly consists of detrovitrinite forming a matrix for 
isolated thin bands and lenses of telovitrinite (Plate 44). In 
some cases thin bands of telovitrinite are interbedded with thick 
detrovitrinite matrix. Telovitrinite bands commonly contain 
resinite, fluorinite and suberinite and less commonly retain 
intact cutinite. The detrovitrinite matrix constitutes over 70% 
in some samples. Gelovitrinite (mainly corpovitrinite and 
porigelinite) (Plate 45) is present throughout the coals. Some 
porigelinite shows weak orange fluorescence.
LIPTINITE
Liptinite fluoresces greenish yellow to yellow and consists 
largely of liptodetrinite with lesser amount of sporinite, 
suberinite, resinite, cutinite and fluorinite. Dark lithotypes 
show a noticeable lack of liptodetrinite (average 1%) when 
compared to pale lithotypes (up to 15%). It is disseminated
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Fig. 5.17 Average macérai compositions of Victorian brown coals 
according to coal lithotypes
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Plate 44: Detrovitrinite with thin telovitrinite and 
gelovitrinite.
Sample_No.18257, Yallourn North Extension coal, medium 
dark, Rvmax = 0.33%, field width = 0.36mm, reflected 
white light.
Plate 43: Corpovitrinite, suberinite and detrovitrinite matrix.
Sample No.18271, Yallourn coal, dark, Rvmax = 0.32%, 
field width - 0.44mm, reflected white light.
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throughout the coals. The liptodetrinite has greenish yellow to 
yellow fluorescence. Sporinite which constitutes up to 4?o in 
pale lithotype is present in all samples. Some sporinite occurs 
in parallel sections (tetrad sporinite) (Plates 46 and 47). In 
some cases, the sporinite forms are thick walled (Plates 48 and 
49). The sporinite has yellow fluorescence. Suberinite is
s
common (up to 2%) in all samples and mostly associated with 
corpovitrinite. The suberinite has greenish yellow fluorescence 
(Plates 50 and 51). Resinite is rare (trace to 1?o) and occurs as 
discrete small bodies (less than 0.06mm) of various shapes. Some 
resinite infilling cell lumens (Plates 52 and 53). The resinite 
has greenish yellow to yellow fluorescence. Cutinite consisting 
of tenuicutinite and crassicutinite occurs in all samples and its 
content ranges from a trace to 1%. The cutinite has greenish 
yellow to yellow fluorescence (Plates 54 and 55). Fluorinite 
which has greenish yellow fluorescence (Plates 56 and 57) is rare 
(trace). The fluorinite occurs as oval masses disseminated 
throughout the coals.
INERTINITE
All the samples contain less than 5% inertinite. Fungal 
material preserved as sclerotinite is the dominant inertinite 
maceral. The sclerotinite including stromata (Plate 58), single 
and twin—celled teleutospores and plectenchyma occurs throughout
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the coals. Large size (up to 0.30mm) sclerotinite is also 
significant (Plate 39). Sclerotinite constitutes traces in dark 
lithotypes and up to 3?i in pale lithotypes. Semifusinite, 
inertodetrinite and fusinite are present in some samples. Their 
contents range from a trace to with one sample (No. 18244) 
containing 2%, Semifusinite occurs mostly as isolated lenses.
MINERAL MATTER
Mineral matter (mainly clay and pyrite) occurs in trace 
amounts in Victorian brown coals. It is disseminated throughout 
the coals.
RELATIONSHIP BETWEEN MACERAL COMPOSITION AND LITHOTYPE
Table 3.1 summarizes the maceral composition of the values 
for each maceral against coal lithotypes. The ranges overlap but 
the overall trends can be clearly seen. In general, 
detrovitrinite tends to increase from dark to light lithotypes.
The pale lithotypes are composed mainly of attrital material 
and a considerable proportion of liptinite. Telovitrinite has 
high values for the dark and medium-dark coals and these decrease 
through to the pale coal. Gelovitrinite also shows a similar 
trend with higher values in the dark lithotypes. Liptinite
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Plate 52: Resinite infilling cell lumens vitrinite.
Sample No.18252, Yallourn North Extension coal, medium 
light, Rvmax = 0.32%, field width = 0 .22mm,
fluorescence mode.
Plate 53: As for Plate 52, but in reflected white light.
Plate 54: Crassicutinite associated with detrovitrinite. __
Sample No.18260, Yallourn coal, medium light, Rvmax =
0.27%, field width = 0.18mm, fluorescence mode.
Plate 55: As for Plate 54, but in reflected white light.
Plate 56: Fluorinite as oval masses in detrovitrinite.
Sample No.18283, Morwell coal, dark, Rvmax = 0.31%, 
field width = 0.34mm, fluorescence mode.
Plate 57: As for Plate 56, but in reflected white light.
Plate 58: Sclerotinite (?stromata) associated with suberinite and 
vitrinite.
Sample No.18258, Yallourn North Extension coal, light, 
Rymax = 0.29%, field width = 0.34mm, reflected white 
light.
Plate 59: Large fungal sclerotium in detrovitrinite.
Sample No.18258, Yallourn North Extension coal, light, 
Rymax = 0.29%, field width = 0.34mm, reflected white 
light.
PLATE 5 2 PLATE 53
PLATE 5 4 PLATE 55
PLATE 57PLATE 5 6
PLATE 5 8 PLATE 59
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values increase from the dark to the pale lithotypes. Inertinite 
is unreliable as a guide to lithotype, but the value tends to 
increase slightly from the dark to the pale lithotypes.
The characteristic of the lithotypes in terms of maceral 
group can be summarized as follows: The dark and medium dark 
lithotypes have high telovitrinite and relatively high 
gelovitrinite concentration, while their liptinite and 
detrovitrinite values tend to be low. In contrast, the light and 
pale lithotypes have low concentrations of telovitrinite and 
gelovitrinite and they are characterised by high values for 
liptinite and detrovitrinite.
Table 5.1 Range of values of macerals influenced 
by lithotype in Victorian brown coals
LITHOTYPE
MACERAL Dark Med.-Dark Med.-Light Light Pale
Telovitrinite 20-33 23-30 9-20 10-14 4- 7
Detrovitrinite 50-58 53-65 61-76 68-72 66-73
Gelovitrinite 8-14 9-13 5-11 6-10 1- 4
Liptinite 2- 5 2- 4 5-12 7-10 19-20
Inertinite 1- 2 trace-1 trace-3 2- 3 2- 4
Mineral Matter 0- 1 trace-1 trace-1 trace-1 trace-1
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CHAPTER SIX
COMPARISON OF THE COAL TYPE OF THE INDONESIAN 
TERTIARY COALS WITH THAT OF THE VICTORIAN COALS
As suggested by Teichmuller (1982) a close similarity exists 
between the distribution of plant life in Carboniferous swamps 
with that of the Tertiary swamps and Holocene swamps. In all 
these cases, plants have adapted to the various conditions in the 
swamp. If thede ̂ plants die and decay in situ, then lateral 
facies changes will develop in the resultant coal deposit. The 
mode of decay also differs laterally in a swamp and further 
differences in composition of the peat or coal will be observed 
in the different parts of the deposit.
Petrographic composition of peat is related to 
palaeoclimate, geological age and tectonic setting. The tectonic 
setting also plays an important role in any subseguent burial 
metamorphism. As a result, spatial and temporal variations in 
the palaeoclimate, geological age and tectonic setting cause the 
development of coal type provincialism (Cook, 1975). Some 
differences in petrographic composition probably relate to 
changes in floral characteristics (Smith, 1968).
Climatic conditions are the most significant factors which 
control the formation of coals. The climate controls the 
availability of moisture which promotes plant growth and aids in 
preservation of plant detritus. According to Tenison-Woods
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(1885) and Anderson (1964) most of the Indonesian coals are 
derived from ombrogenous peat development* These peats developed 
in areas of high rainfall and are analogous to raised bogs of 
temperate climates. Although Victorian coals include numerous 
thin coal seams, volumetrically they are dominated by thick 
Latrobe Valley-type seams which typically are much more than 15 
metres thick. These thick coal seams are unusually low in 
mineral matter and comprise vitrinite-liptinite associations. 
They are derived from thick ombrogenous, oligotrophic peats 
(c.f. Anderson, 1964).
Some of the thickest and most extensive Holocene peat 
deposits occur in tropical areas (e.g. Sarawak, Brunei, Sumatera 
and Malaya) (Anderson, 1964; Coleman et al., 1970). Anderson 
(1964) investigated accumulation rates of thick ombrogenous peat 
development in tropical rainforests by using carbon dating. The 
data suggest that initial peat accumulation occurs at about 5 
metres/thousand years but that after about 1000 years this 
decreases to 2 metres/thousand years and after several thousand 
years approaches ’steady state' accumulation of only 2.0 to 2.5 
metres/thousand years. Based on known thickness and 
palynological data, Smith (1981) concluded that calculated 
depositional rates for the Morwell Seam in the Loy Yang area 
range from about 20 to 25 metres/million years. Consequently, a 
100 metres thick brown coal seam probably represents about 5 
million years of accumulation.
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Comparison of geological setting, depositional environment, 
palaeoclimate and flora of Indonesia and Latrobe Valley areas is 
shown in Table 6 .1 .
In the Gippsland Basin, the Palaeocene and Eocene were ages 
of high rainfall, in a temperate climate whereas the Oligocène 
and Miocene had a warm (with some cool episodes) and wet climate 
(Kemp, 1978; Smith, 1981; Cook, 1981; Smith and Cook, 1984 and 
Veevers, 1984).
Development of coal seams in the Gippsland Basin is 
associated with the establishment of subtropical rainforests and 
mixed forests (i.e. sclerophyll forest, marshland vegetation).
The palaeoclimate of Indonesian basins during the Tertiary 
was humid and tropical (Anderson, 1964). The development of 
Indonesian coal seams is associated with tropical rainforests.
Macroscopically, Indonesian Tertiary coals are different 
from Victorian brown coals. Lithotypes of Indonesian coals are 
mainly vitrain and clarain. This vitrain normally comprises 
thick bands of bright coal, brown to black and has a resinous 
lustre. Indonesian vitrain-rich coals are brittle and have a 
blocky cleavage. Microscopic examination shows that the vitrains 
consist of vitrite with lesser clarite. Clarains are the bright 
lustrous constituents of coal. They normally comprise finely 
striated bands of coal (less than 3mm). The Indonesian clarain
Table 6.1 Summary of basin type, depositional environment, palaeoclimate and flora
of some Indonesian basins and onshore Gippsland Basin
INDONESIA AUSTRALIA
SUMATERA « KALIMANTAN
Bukit Asam Ombilin
Pasir
Sub-basin
Kutai
Basin
Barito
Sub-basin
West
Java
Onshore
Gippsland
Basin
EPOCH Mio-Pliocene Eocene Eocene Miocene - 
Pliocene
Eocene, 
Miocene, 
Pliocene
Eocene,
Miocene
Eocene - 
Miocene
BASIN TYPE Back deep Inter­
montane
Inter­
montane
Continental
margin
Continental
margin
Inter­
montane
Rift Valley
DEPOSITIONAL
ENVIRONMENT
Paralic,
limnic,
brackish
Fluviatile,
lacustrine
Fluviatile Deltaic Fresh to 
brackish and 
deltaic
Fluviatile Fluvio-
lacustrine
PALAEO­
CLIMATE
Humid, tropical Warm to 
cool and 
wet
FLORA Tropical rainforest Subtropical 
rainforest 
and mixed 
forest
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has variable maceral composition. Vitrinite, liptinite and 
inertinite form dominantly clarite and vitrite microlithotypes.
Victorian brown coals (as seen in open cut exposures, Plate 
60) are divided into five coal lithotypes: dark, medium dark, 
medium light, light and pale (George, 1975). Petrographically, 
the dark to light lithotypes are analogous to the vitrains and 
clarains of Indonesian coal deposits. The vitrains of Indonesia 
are analogous to Victorian dark and medium dark lithotypes 
whereas the clarains are analogous to the medium light and light 
lithotypes (Smith, 1981; 1982). Dark and medium dark lithotypes 
of Victoria show more pronounced bedding as compared with other 
lithotypes due to high proportions of wood fragments lying 
parallel to the bedding. These dark and medium dark lithotypes 
are black to brown. Medium light and light lithotypes are medium 
brown and are thickly and poorly banded. These bands are 
composed of homogenous detrovitrinite matrix.
Some of the differences in ’hand specimen' relate to 
differences in rank rather than type (see Chapters 7 and 8 ). 
This chapter as far as possible relates to similarities and 
differences in coal type.
Maceral analyses of Indonesian and Victorian coals show some 
similarities. Maceral composition of Indonesian and Victorian 
coals are shown in Table 6.2 and Figures 6.1 and 6.2. A summary 
of the coal types of Indonesian and Victorian coals is presented
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Plate 60: Lithotype bands in a coal face, Yallourn 
open cut.
MEDIUM LIGHT
PALE
MEDIUM DARK
Seam, Yallourn
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Table 6.2 Type characteristics of Indonesian and Victorian coals
INDONESIAN COALS
PALAEOGENE NEOGENE VICTORIAN COALS
Percentage Description Percentage Description Percentage Description
Telovitrinite 19-68 Occurs as thin (0.02 
mm, to thick (more 
than 0.04mm) bands. 
Eu-ulminite is 
dominant over texto- 
ulminite. Telo- 
collinite is rare
17-66 Occurs as thin (0.01 
mm to 0.025mm) bands 
and lenses. Texto- 
ulminite is dominant 
over eu-ulminite and 
textinite. Telo- 
collinite is rare
4-33 Occurs as thin (0.01mm 
to 0.025mm) bands and 
lenses. Texto-ulminite 
is dominant over eu- 
ulminite and textinite
Detrovitrinite 16-68 Forms a matrix for 
other macerals. Some 
form a massive 
matrix. Densinite 
is dominant over 
attrinite
14-63 Forms a matrix for 
other macerals. 
Densinite is dominant 
over attrinite
50-76 Forms a matrix for 
other macerals. 
Attrinite is dominant 
over densinite
Gelovitrinite 4-23 Occurs as isolated 
grains and rounded 
bodies. Corpo- 
vitrinite is 
dominant over pori- 
gelinite. Bands of 
porigelinite are 
significant
3-16 Scattered throughout 
the coals although 
some grains (pori­
gelinite) and 
granular vitrinite 
(corpovitrinite) 
occur as thin bands
1-14 Scattered throughout 
the coals. Corpo­
vitrinite is dominant 
over porigelinite and 
eugelinite. Some 
porigelinite shows 
weak fluorescence
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Table 6.2 Type characteristics of Indonesian and Victorian coals (continued)
_________;______ INDONESIAN COALS_____________________  ~
PALAEOGENE NEOGENE VICTORIAN COALS
Percentage Description Percentage Description Percentage Description
Sporinite trace-7 Dominant in some nil-2 Rare and disseminated, trace-4 Common in some coals
coals. Occurs as Occurs as miospores
miospores and is 
disseminated through­
out the coals, 
although some is 
concentrated.
Sporangia is present
Resinite trace-4 Occurs as discrete trace-8 Occurs as discrete trace-1 Occurs as small bodies
small bodies (less small bodies (less (less than 0.06mm),
than 0.06mm) and than 0.06mm) and discrete and infill­
infilling cell concentrated in ing cell lumens
lumens distinct layers. 
Infilling cell 
lumens
Cutinite trace-8 Occurs mostly as trace-8 Occurs as tenui- trace-1 Occurs as tenui­
thin-walled cutinite cutinite and crassi- cutinite and crassi-
(tenuicutinite) cutinite cutinite
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Table 6.2 Type characteristics of Indonesian and Victorian coals (continued)
INDONESIAN COALS
PALAEOGENE NEOGENE VICTORIAN COALS
Percentage Description Percentage Description Percentage Description
Suberinite trace-4 Very rare in some trace-7 Occurs as distinct trace-3 Occurs as distinct
coals, and very layers. Some sub­ layers and occasion­
weak fluorescence erinite show high ally in discrete
intensity fluorescence layers. High fluor­
intensity escence intensity
Lipto- trace-11
detrinite
Dominant in some trace-4 
coals. Occurs as 
small particle sizes 
(less than 0.015mm) 
and disseminated 
throughout the coal
Occurs as small 1-15
particle sizes (less 
than 0.015mm), diss­
eminated and high 
fluorescence 
intensity
Occurs as small 
particle sizes (less 
than 0.015mm), 
disseminated although 
some is concentrated
Fluorinite nil-1 Occurs as small nil-3
(less than 0 .01mm) 
and large (up to 
0.08mm) isolated 
bodies
Occurs infilling nil- 
cell lumens and 
discrete small (less 
than 0 .01mm) and 
large (up to 1.0mm) 
bodies
Occurs as oval masses 
disseminated 
throughout the coals
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Table 6.2 Type characteristics of Indonesian and Victorian coals (continued)
INDONESIAN COALS
PALAEOGENE NEOGENE VICTORIAN COALS
Percentage Description Percentage Description Percentage Description
Exsudat- nil-1 Occurs mostly in- nil-1 Occurs mostly
inite filling joints or infilling joints or
bedding-plane cracks bedding-plane cracks
Alginite nil-2 Discrete algal
bodies (both colonial 
and unicellular).
They are referable to 
Botryococcus sp.
Semifusinite trace-3 Occurs as thin trace-11 Occurs as thin (less nil-trace Occurs as isolated
layers and rarely than 0.33mm) to thick lenses
as isolated lenses (over 0.45mm) in
length
F usinite nil-trace Occurs as isolated nil-2 
lenses in vitrinite
Occurs as bands and nil-1 
isolated lenses
Occurs as isolated 
lenses
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Table 6.2 Type characteristics of Indonesian and Victorian coals (continued)
INDONESIAN COALS
PALAEOGENE NEOGENE VICTORIAN COALS
Percentage Description Percentage Description Percentage Description
Sclerotinite trace-3 Fungal remains, trace-2 
include single and 
twin-celled teleuto- 
spores and sclerotia.
It is mostly diss­
eminated, although 
some local concen­
trations occur
Fungal remains, trace-3 
include single and 
twin-celled teleuto- 
spores and sclerotia.
Some cells are 
filled by clay or 
resinite
Fungal remains, 
include single and 
twin-celled teleuto- 
spores, sclerotia and 
plectenchyma
Inerto-
detrinite
nil-3 Small particles nil-3 
(less than 0 .02mm), 
irregular and 
angular forms. High 
reflectivity
High reflecting nil-2 
particles (less than 
0 .02mm), irregular 
and angular forms
Small particles (less 
than 0 .02mm), 
irregular and angular 
forms. High reflect­
ivity
Micrinite nil-1 Rounded shape, nil-1 
individual grains 
are very small 
(about 0 .01mm).
Occurs as distinct - 
layers. Individual 
grains are very small 
(about 0 .01mm)
-
Occurs as cell 
fillings in 
vitrinite
113
IN
E
R
T
IN
IT
E
Table 6.2 Type characteristics of Indonesian and Victorian coals (continued)
INDONESIAN COALS
PALAEOGENE NEOGENE VICTORIAN COALS
Percentage Description Percentage Description Percentage Description
Macrinite - - nil-trace Occurs as groundmass, - 
amorphous
-
Mineral
Matter
trace-11 Occurs as pods dis­
seminated through­
out the coals. The 
mineral matter 
includes pyrite 
(some framboidal) 
and clay
trace-5 Represented by clay trace-1 
and pyrite. Clay 
occurs as pods and 
infilling cell 
lumens. Pyrite is 
disseminated through­
out the coals
Represented by trace 
amounts of clay and 
pyrite. They are 
disseminated through­
out the coals
Liptinite
Fluorescence
colour
Yellow to orange with exception 
of West Java coals (greenish 
yellow)
Greenish yellow to yellow, Greenish yellow to yellow, orange 
orange
114
Table 6.2 Type characteristics of Indonesian and Victorian coals (continued)
_______________ INDONESIAN COALS_____________________
PALAEOGENE NEOGENE VICTORIAN COALS
Percentage Description Percentage Description Percentage Description
Lithotype 1. Vitrain: bright in hand specimen, thick (more than 3mm),
commonly it is brittle, consists mainly of vitrinite
2. Clarain: semi-bright in hand specimen, very finely stratified
coal layers (less than 3mm), consists mainly of 
vitrinite and liptinite
1. Dark: dark brown to black brown,
high wood content, géli­
fication common and high 
density
2. Medium dark brown to medium 
Dark: brown, medium wood content,
gélification is not 
extensive
3. Medium medium brown to light 
light: brown, medium wood
content, gélification 
uncommon.
4. Light : Light brown, low wood
content, gélification 
rare, soft and low density
5. Pale: Pale brown to yellow brown,
wood uncommon, gélification 
very rare and very low 
density
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L E G E N D
•  =  COALS SUBJECT TO REGIONAL 
COALIFICATION ONLY 
• =  HEAT AFFECTED COALS
LIPTINITE (%) 10 20 4 0  INERTINITE (%)
Fig. 6.1 Macerai compositions of Indonesian coals.
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VITRINITE (%)
Fig. 6.2 Macerai compositions of Victorian coals
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in Table 6.3. Vitrinite mostly constitutes 12% to 97?o (average 
88%) but some thermally affected coals from Indonesia contain 
more than 97% vitrinite. Liptinite varies from less than 5% up 
to 20%, but the typical liptinite contents are 5% to 10%. 
Recognisable liptinite of thermally affected coals is less than
2 O f/O.
As compared with the Indonesian coals, the inertinite 
content of Victorian coals is low. All the Victorian onshore 
coals contain less than 5% inertinite whereas some of the 
Indonesian coals contain over 5% inertinite (typically Neogene 
coals; e.g. A2 Seam of Bukit Asam coal has an average of 5% 
inertinite). The higher inertinite content of some Indonesian 
Neogene coals as compared with Victorian coals may be related to 
the lower subsidence and sedimentation rates, and shallow^water 
cover during peatification of Indonesian Neogene coal seams 
(c.f. Smith and Cook, 1984). Higher inertinite contents occur in 
some of the older (Palaeocene and Late Cretaceous) coals found in 
the offshore Gippsland Basin (Smith and Cook, 1984).
Vitrinite of Indonesian and Victorian coals consists mainly 
of detrovitrinite forming a matrix for isolated thin bands of 
telovitrinite. In some cases, thick layers of detrovitrinite 
matrix are interbedded with thin telovitrinite bands.
Table 6.3 Summary of type characteristics of
Indonesian and Victorian coals
INDONESIAN COALS VICTORIAN
PALAEOGENE NEOGENE COALS
VITRINITE
Content 
Mean 
Range 
TV : DV 
ratio
high
88
72-96 
moderate 
1 : 1
high
88
75-96 
moderate 
1 : 1
high
91
76-97
very low - low 
1 : 5 - 1 : 3
Content low low-moderate low
Mean 2 4 2
Range 1-7 1-17 trace-5
INERTINITE Common Semifusinite Semifusinite Sclerotinite
forms Sclerotinite
Inertodetrinite
Sclerotinite
Fusinite
Inertodetrinite
Semifusinite
Inertodetrinite
Content low-moderate low-moderate low-moderate
Mean 7 7 7
Range 1-19 2-22 2-22 .
LIPTINITE Common Cutinite Resinite Liptodetrinite
forms Sporinite
Resinite
Cutinite
Liptodetrinite
Suberinite
Sporinite
Suberinite
Resinite/
fluorinite
MINERAL
MATTER
Content
Mean
Range
Common
forms
low-moderate
4
1-11
Clay
Pyrite
low
2
1-5
Clay
Pyrite
very low
trace
trace-1
Clay
Pyrite
Liptinite
colour
fluorescence Yellow to orange Greenish yellow 
to yellow, 
orange
Greenish yellow 
to yellow, 
orange
Lithotype Vitrain and clarain dark,
medium dark, 
medium light, 
light and pale
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The vitrains (dark and medium dark lithotypes) of the 
Victorian coal suite have low telovitrinite to detrovitrinite 
ratios (about 1 :2 ), low liptinite and sclerotinite contents and 
high degrees of gelification. The ratio of telovitrinite to 
detrovitrinite is higher for Indonesian coals (about 1:1). 
Vitrinite textures are more compact in most of the Indonesian 
coals because they are much more compressed due to the thicker 
maximum cover (see Chapter 8 ). Smith (1981) believed that the 
nature of the dark and medium dark lithotypes suggests derivation 
in a forest swamp environment. In this environment the peat 
surface lay at or near the water table but diagenesis of older 
peat layers occurred beneath the water table under wet, acidic 
conditions. Anderson (1964) reported that 'blackwater' stream 
drainage of Indonesian ombrogenous peats is acidic, with pH 
values of about 3.0. These peats are extremely oligotrophic 
(i.e. low in mineral matter content), especially low in calcium^ 
and acidic.
The medium light and light lithotypes (clarains) of 
Victorian coals have very low telovitrinite to detrovitrinite 
ratios (about 1:4), liptinite contents of about 10% and 
sclerotinite contents of about 2%. Smith (1981, 1982) suggested 
that the medium light and light lithotypes (clarains) were 
deposited in open woodland swamps in which isolated trees were 
standing in largely waterlogged conditions. The light lithotypes 
are liptinite-rich clarains.
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Detrovitrinite matrices of Indonesian and Victorian coals 
generally constitute over 50% of the total vitrinite. 
Gelovitrinite (mainly corpovitrinite and porigelinite) is 
disseminated throughout the coals. It is mostly associated with 
suberinite. In some occurrences, vitrinite (mostly porigelinite) 
exhibits weak orange fluorescence under ultra-violet/violet light 
excitation.
Figures 6.3 and 6.4 show the proportions of vitrinite 
macerals of Indonesian and Victorian coals. The data show that 
Victorian coals underwent more degradation than the Indonesian 
coals, as evidenced by their generally higher detrovitrinite 
content and lower telovitrinite content. The vitrinite of pale 
lithotypes, for example comprises more than 85% detrovitrinite 
and less than 10% telovitrinite.
Liptodetrinite, suberinite and sporinite are the dominant 
liptinite macerals in Victorian coals. Resinite and cutinite are 
common in some occurrences. In contrast, the liptinite of the 
Indonesian coals is dominated by resinite although cutinite and 
suberinite are dominant in some occurrences. Sporinite and 
liptodetrinite are common in Indonesian coals. Resinite in 
Indonesian and Victorian coals mostly occurs as small isolate 
bodies (less than 0.06mm) which are commonly globular. Some
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LEGEND
•  -B U K IT  ASAM COALS
#  rOMBILIN COALS
■  «EAST KALIMANTAN COALS 
▲ «SOUTH KALIMANTAN COALS
♦ «W EST JAVA COALS
GELOVITRINITE (%) 2 5 7 5 TELOVITRINITE (%)
Fig. 6.3 Proportion of vitrinite group macerals in the 
Indonesian Tertiary coals analysed.
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Fig. 6.4 Proportion of vitrinite group macerals in the Victorian 
coals analysed.
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resinite in Indonesian coals is concentrated to form 
resinite-rich laminations. The resinite is in places associated 
with globular fluorinite. The fluorinite content of Victorian 
coals is less than that of Indonesian coals. Exsudatinite, 
sporangia and telalginite occur in some Indonesian coals, but 
they are not present in Victorian brown coals of the Latrobe. 
They are however present in coals in the offshore Gippsland Basin 
(Smith, 1981; 1982).
Liptinite fluorescence of both Indonesian and Victorian 
coals also shows some similarities. In general, the fluorescence 
intensity of the liptinite decreases with increasing rank and 
most of the differences in fluorescence intensity appear to be 
rank related. Liptinite fluorescence of Victorian coals is 
similar to the liptinite fluorescence of Indonesian Neogene 
coals. Under ultra-violet/violet light excitation, liptinite of 
both CQGfJ S u ite S show greenish yellow to yellow and orange 
fluorescence. Liptinite of Indonesian Palaeogene coals, 
typically fluoresces yellow to orange.
Liptinite fluorescence differs over the five lithotypes of 
Victorian coals. The fluorescence intensity of the liptinites 
typically decreases slightly from pale through to dark 
lithotypes.
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Sclerotinite is the dominant inertinite maceral in the 
Victorian coals and semifusinite, fusinite and inertodetrinite 
are rare. In contrast, inertinite of Indonesian coals is 
dominated by semifusinite. Sclerotinite, fusinite and 
inertodetrinite are common in some occurrences and micrinite and 
macrinite are rare. Fungal sclerotinite in both Indonesian and 
Victorian coals is mostly scattered throughout the coals, 
although in some Indonesian coals, sclerotinite is concentrated 
in lenses or beds. Semifusinite in Indonesian coals occurs as 
layers and some is present as lenses isolated in a detrovitrinite 
matrix. All semifusinite in Victorian coals occurs as lenses in 
a detrovitrinite matrix.
Mineral matter in both suites of coalfields (mainly clay and 
pyrite) is rare. As compared with the Victorian coals, mineral 
matter content in the Indonesian coals is relatively high. All 
the Victorian coals contain trace amounts of mineral matter, 
however some of the Indonesian coals contain up to 11?o. Clay is 
present as pods scattered throughout the coals and infilling cell 
lumens. Pyrite occurs as fine grains and some is framboidal. 
The occurrence of framboidal pyrite (mostly in Ombilin coals) may 
indicate marine influence. Proximity to marine environments 
would increase the probability of alkaline, reducing brines 
mixing with the acidic peat waters.
The liptinite and inertinite contents of Indonesian and 
Victorian coals are systematically related to vitrinite content.
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Liptinite and inertinite contents decrease with increases in 
vitrinite content (Figures 6.5 A, B and 6.6 A, B). Liptinite and 
inertinite contents are not related for either suites of 
coalfields (Figures 6.5 C and 6.6 C).
Smith (1981; 1982) and Smith and Cook (1984) recognised
three major groups (facies) of coal within the Gippsland Basin:
1. Lower Eastern View type coals (Cretaceous to Early Eocene)
2. Upper Eastern View type coals (Middle to Late Eocene coals
in the offshore Gippsland Basin) and
3. Latrobe Valley type coals (Middle Eocene to Miocene).
These classifications are based upon macerai composition but 
correlate with different geological ages and tectonic and 
sedimentary settings. The first two groups are named after the 
Eastern View Coal Measures in the Bass Basin (Brown, 1976) where 
these coal types were first designated and where a simple coal 
type seguence exists (Smith, 1981). The third group includes 
coals from Latrobe Valley areas (onshore Gippsland Basin). Coal 
types and comparison to Indonesian coal types have been described 
above for this last facies.
A summary of the petrographic characteristics of the coals 
in the three facies groups is given in Table 6 .4 .
As shown in Tables 6.3 and 6.4, Indonesian coals are more 
similar to Upper Eastern View type coals than to the Latrobe 
Valley type coals. Both Indonesian and Upper Eastern View type
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Table 6.4 Summary of major characteristics of the organic matter facies 
in Gippsland Basin (Australia) (from Smith and Cook, 1984)
UPPER LATROBE
LOWER EASTERN VIEW EASTERN VALLEY
FACIES A B VIEW
VITRINITE
Content 
Mean 
Range 
TV : DV 
ratio
high
87
80-92
low-moderate 
1:2 - 3:2
low-moderate
61
30-85 
low-high 
1:2 - 2:1
high
86
60-95
low-moderate 
1:2 - 1:1
high
92
50-98
low
1:2
Content low-moderate low-moderate low-moderate moderate
Mean 6 5 8 8
Range 1-15 2-15 2-25 2-45
EXINITE Common Cutinite Cutinite Sporinite Sporinite
forms Sporinite Sporinite Resinite Suberinite
Resinite
Content moderate moderate-high low low
Mean 2.5 32 2 1
Range 1-5 5-60 0-5 0-4
INERTINITE Common F usinite Fusinite Sclerotinite Sclerotinite
forms Semifusinite Semifusinite Semifusinite Pyrofusinite
Inertodetrinite Inertodetrinite Rare Fusinite Semifusinite
Sclerotinite
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coals have high vitrinite contents (average 86?i to 88?o) and 
moderate telovitrinite to detrovitrinite ratio (about 1:1). 
This ratio is very low in Latrobe Valley type coals.
In conclusion, the coal type of Indonesian coals shows some 
similarities with that of Victorian coals (Latrobe Valley type 
coals) and more particularly with the Upper Eastern View type 
coals. The main difference between the two suites is the 
proportion of inertinite content. Both Latrobe Valley and Upper 
Eastern View type coals have low inertinite contents but some 
Indonesian coals (typically Neogene coals) have low to moderate 
inertinite contents. A moderate to high inertinite content is 
present in the Lower Eastern View type coals but vitrinite 
content is low to moderate. The high inertinite content of Lower 
Eastern View type coals (sub-facies B) appears to represent a 
marginal marine facies (Smith and Cook, 1984) and to have 
developed at a time when wet and dry seasons affected peat 
diagenesis.
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CHAPTER SEVEN
COAL RANK
7.1 SUMATERA
7.1.1 General
Coals occur in most major Sumateran Tertiary sedimentary 
basins. The major known occurrences of coals^are mainly confined 
to the Palaeogene Ombilin Basin (Ombilin Coalfield) and South 
Sumatera Basin (Bukit Asam Coalfield). Reflectance studies of 
Sumateran Tertiary coals reveal that the coals range from brown 
coals through to anthracite stages. Normally, rank increases 
with depth of burial and geothermal gradient in the Sumateran 
coal bearing basins. However, some coal seams in Bukit Asam and 
Ombilin Coalfields exhibit abnormally high vitrinite reflectances 
due to proximity of andesite intrusions. Bukit Asam coals not 
affected by contact alteration range from brown coal to sub­
bituminous coal rank. The Bukit Asam thermally altered coals 
range from high volatile bituminous through to semi-anthracite 
and anthracite. Ombilin coals not affected by contact alteration 
are high volatile bituminous rank, whereas thermally altered 
coals are anthracite. The higher rank of the Ombilin coals 
compared to the Bukit Asam coals is due to their different 
thermal history with higher temperatures acting over longer 
periods at Ombilin.
7.1.2 Bukit Asam
Vitrinite reflectance measurements were made on one hundred 
and thirty four of the composite samples (excluding dirt bands) 
and spot samples. The mean maximum reflectance was measured in 
each case, because this is independent of grain orientation. 
Vitrinite reflectance ranges from 0.30% to 2.60% (Appendix 2.1). 
This wide range is due to the intrusion of the Pliocene- 
Pleistocene andesite body in the Suban area.
Vitrinite reflectance of coal not affected by contact 
alteration ranges from 0.30% to 0.33% but the Rvmax of thermally 
altered coals ranges from 0.69% to 2.60%. Figure 7.1 shows a 
summary of vitrinite reflectance data for Bukit Asam coals. 
Vitrinite reflectances between 0.40% and 0.50% are dominant at 
Bukit Asam area. Some histograms of vitrinite reflectance for 
individual samples are shown in Figure 7.2. Figures 7.3 and 7.4 
show isorank lines for the Mangus (Â  + A2 ) and Suban (B̂  + B2 ) 
Seams. As shown in the figures, the pattern of vitrinite 
reflectance variation over the Bukit Asam Coalfield is similar 
for different seams. The main trend is for rank to increase 
towards the south of the area (in the vicinity of the andesite 
intrusion)• There are a number of local departures from this 
trend. West of the Air Laya pit, for example, the rank increases 
locally toward the location RC 60 (Rvmax of Mangus Seam = 1.35% 
and Suban Seam = 1.71% proxin^f to RC 60). Soekarsono (1982) 
reported that specific energy of coal in this area is very high 
and total moisture is low (Table 7.1).
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Fig. 7.1 Summary of vitrinite reflectance data for Bukit 
Asam coals.
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Fig. 7.3 Variation in rank, expressed as reflectance of vitrinite 
in Mangus Seam ( A1 + A2 ) in Bukit Asam Coalfield.
Fig. 7.4 Variation in rank, expressed as reflectance of vitrinite 
in Suban Seam ( B1 + B2 ) in Bukit Asam Coalfield.
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Table 7.1 Specific energy and total moisture
of the coal seams in RC 60 (After Soekarsono, 1982)
Location Seam Total Moisture Specific Energy
(S) (k cal/kg)
A1 9 6690
RC60, a2 4 7116
West of B1 7 , 7384
Air Laya 02 9 6249
c 5 7726
This reversal is presumably associated with local heating by 
igneous intrusions. The heating in this instance has been 
sufficiently slow and under such confining pressures as to 
produce an increase in the degree of coalification rather than 
carbonisation (cindering). To the north (Banko area) and to the 
west (Air Laway area) of Bukit Asam, vitrinite reflectance 
decreases gradually (Rvmax ranges from 0.33% to 0.40%). The 
isorank lines of the Mangus and Suban Seams in the vicinity of 
the andesite intrusion are shown in Figures 7.3 and 7.6. 
Vitrinite reflectance decreases gradually from south to north, 
although there is an increase locally in the Air Laya pit.
In vertical section, vitrinite reflectance also shows a 
marked difference between the upper and lower seams. This 
difference may be due to differences in stratigraphic position 
and the effect of heating from the andesite intrusion. 
Individual vitrinite reflectance profiles show an increase in
138
Fig. 7.5 Variation in rank, expressed as reflectance of
vitrinite in Mangus Seam ( A1 + A2 ) in the vicinity 
of intrusion, Bukit Asam.
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Fig. 7.6 Variation in rank, expressed as reflectance of
vitrinite in Mangus Seam ( B1 + B2 ) in the vicinity 
of intrusion, Bukit Asam.
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vitrinite reflectance gradient near the total depth (e.g. RC. 27A 
and RC 50 shallow bore holes (Figure 7.7) and RC 10 and RC 14 
shallow bore holes (Figure 7.8)). Vitrinite reflectance profiles 
from RC 27A and RC 50 show nearly rectilinear rank gradient. 
High rank gradients are present in RC 10 and RC 14. Curvature of 
the reflectance profile for the RC 10 and RC 14 boreholes is 
pronounced and it is due to heating by the andesite intrusion. 
Proximate analyses of Bukit Asam coals (Table 7.2) (reported by 
Soekarsono, 1982) shows that with increasing depth ,of burial, the 
specific energy becomes higher and total moisture decreases 
(i.e. the rank is increased). A decrease in specific energy will 
occur however where vitrinite reflectance exceeds about 1.5?o to 
2.0%.
Table 7.2 Specific energy and total moisture 
of some Bukit Asam coals
Location Seam Total Moisture 
(S)
Specific Energy 
(k cal/kg)
Rvmax
(SO
A1 21 5507 0.42
a2 22 5616 0.44
RC 50 B1 21 5823 0.44
Air Laya b2 20 5888 0.45
c 19 5692 0.47
A1 6 7330 0.77
RC 10 a2 5 7637 0.69
Suban B1 3 7964 1.40
b2 3 6834 2.05
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Fig. 7.7 Depth-reflectance profile for RC 50 and RC 27A 
Weils showing nearly rectilinier reflectance 
profi1e .
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Fig. 7.8 Depth-reflectance profile for RC 10 and 
RC 14 showing effects of underlying in­
trusion.
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Some seams exhibit an increase in vitrinite reflectance from 
seam top to bottom. Vitrinite reflectance of A Seam in the 
Air Laya pit, for example, increases from 0.40% (at the top) to
0.47% (in the middle) to 0.49% (at the bottom).
Bireflectance
The difference between maximum and minimum reflectance is 
termed bireflectance. Bireflectance increases as rank increases 
(Ting, 1978; Cook et al., 1972; Jones et al., 1984). Marshall 
and Murchison (1971) found that the general rise of bireflectance 
with temperature indicates an increase in anisotropy. Six 
anthracite samples were selected for measurement in the present 
study. Sections, both parallel and perpendicular to bedding were 
made for each block sampled. The reflectance measurements 
obtained are given in Table 7.3. The sections parallel to the 
bedding all show some degree of bireflectance. In certain 
samples (for example sample number 19367) the bireflectance is 
low (0.06). In most samples, the maximum reflectance measured in 
parallel section to bedding is greater than that measured 
perpendicular to bedding. Figure 7.9 shows a relationship of 
bireflectance to mean maximum reflectance for vitrinite 
concentrates. A comparison with the data from Jones et al. 
(1984) and Johnston (1985) shows that the bireflectances obtained 
for the Bukit Asam coals are unusually low. This may be 
attributed to contact alteration having a less marked effect on 
bireflectance as compared with coalification occurring under a
Table 7.3 Mean vitrinite reflectance of Bukit Asam anthracite samples
Vitrinite Reflectance of Section . Vitrinite Reflectance of Section
Parallel to Bedding (o/\,o) Perpendicular to Bedding (%)
Sample
Number
Maximum Standard
Deviation
Minimum Standard
Deviation Bireflectance
Maximum Standard
Deviation
Minimum Standard
Deviation Bireflectance
19364 2.47 0.024 2.31 0.045 0.16 2.45 0.021 2.33 0.036 0.12
19363 2.76 0.027 2.49 0.044 0.27 2.76 0.032 2.38 0.044 0.38
19367 2.34 0.024 2.28 0.028 0.06 2.28 0.037 2.18 0.049 0.10
19368 2.43 0.036 2.31 0.034 0.12 2.42 0.035 2.27 0.044 0.15
19754 2.70 0.047 2.52 0.046 0.18 2.69 0.048 2.43 0.056 0.26
19756 2.79 0.031 2.52 0.031 0.27 2.78 0.040 2.47 0.051 0.31
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Fig. 7.9 Relationship of biref1ectance to mean maximum 
reflectance for vitrinite concentrates.
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greater lithostatic pressure* The rate at which coalification 
took place may also be significant.
7.1.3 Ombilin
/Mean maximum vitrinite reflectance (Rvmax) values were
obtained on thirty six samples from Sawah Lunto Formation of
Ombilin Coalfield. The results (Appendix 2.2) are used to assess
of
lateral and vertical variation. Most of the samples are^ high 
volatile bituminous rank (Rvmax of 0.62% to 0.77%) although one 
sample (number 19446) is sub-bituminous (Rvmax of 0.33%). The 
low vitrinite reflectance value of some samples may be due to the 
presence of alginite (after Hutton and Cook, 1980). The rank of 
the isolated coals in Tanah Hitam open cut increases sharply into 
anthracite stage. This change is presumably associated with 
heating from a local intrusion. Vitrinite reflectance histograms 
for some samples are shown in Figure 7.10.
As mentioned in the previous chapter, three coal layers are
present in the Ombilin Coalfield (from top to bottom; A, B and C/
Seams). Slight variation in vitrinite reflectance occurs 
laterally. The vitrinite reflectance of the A Seam for example, 
decreases southwards from the Sawah Rasau underground mine
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Ombilin coals.
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(Figure 7,11). Rvmax ranges from 0.62% to 0.71% in Sawah Rasau 
and 0.63% to 0.64% in Tanah Hitam. The slight differences may be 
due to depth of burial. The same trend exists for the B-j, B2 and 
C Seams. Vitrinite reflectance of the B and C Seams increases to 
the north of the area (Parambahan). Rvmax of the B Seam in the 
north ranges from 0.70% to 0.77% and for the C Seam ranges 
between 0.75% and 0.77%. Vitrinite reflectance of C Seam 
increases locally in the Tanah Hitam open cut. Two polished 
blocks have been measured; number 19436 has Rvmax of 4.69% and 
number 19437 has Rvmax of 3.39?o.
Vitrinite reflectance data from a shallow depth borehole 
(BH7) at Parambahan area shows that rank gradient increases with 
increasing depth, (i.e., about 0.043% Rvmax/10 metres) (Figure 
7.12). In Sawah Rasau area, no significant vitrinite reflectance 
variation exists between A, B and C Seams but vitrinite 
reflectance for the two B Seam splits indicates that lower B (B2 ) 
is slightly higher in rank than that of upper B (B^). Vitrinite 
reflectance increases slightly from A Seam through to B Seam and 
C Seam in the Tanah Hitam open cut. Rvmax of A Seam ranges from 
0.63% to 0.64% and C Seam between 0.652% and 0.68%. Vitrinite 
reflectance in places increases from top to bottom of the seam. 
Seam A in the Sawah Rasau underground mine, for example, shows an 
increase in vitrinite reflectance from 0.62% (sample number 
19439) at the top through to 0.71% (sample number 19441) at the
base.
149
Fig. 7.11 Ombilin Coalfield showing vitrinite reflectance 
vari ati on.
150
Fig. 7.12 Depth-reflectance profile for BH7 
Well in Ombilin Coalfield.
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7.2 KALIMANTAN
7.2.1 General
Vitrinite reflectance was carried out on both East and South 
Kalimantan Palaeogene and Neogene coals. West Kalimantan coals 
are not included in this study, because geological conditions are 
not favourable and the seams are generally thin and commonly rich 
in argillaceous or arenaceous mineral matter. Generally, rank of 
the Kalimantan Tertiary coal depends largely on the geological 
age. Reflectance measurements on Palaeogene coals of East and 
South Kalimantan indicate that there is a substantial difference 
in rank between Palaeogene and Neogene coals. The Palaeogene 
coals are sub-bituminous to high volatile bituminous rank (Rvmax 
of 0.53% to 0.67%), whereas Neogene coals are brown to 
sub-bituminous rank (Rvmax of 0.30% to 0.57%). The variation in 
rank (as indicated by vitrinite reflectance) at the surface for 
East and South Kalimantan coals is shown in Figure 7.13. The 
generally lower rank of the Neogene is a major difference between 
Neogene and Palaeogene coals.
Proximate analyses of Kalimantan Palaeogene and Neogene 
coals which were reported by many authors (including Bemmelen, 
1970; Hardjono and Syarifuddin, 1983 and Kendarsi, 1984) (Table 
7.4) show that with increasing age, the specific energy becomes 
higher and the total moisture decreases.
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Fig. 7.13 Distribution of vitrinite reflectance in 
East and South Kalimantan.
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Table 7.4 Relationship between vitrinite reflectance and 
proximate analyses of Kalimantan coals
Coal Age Specific Energy Total Moisture Rvmax
(k cal/kg) (*) 0S)
Neogene 5000-6000 8 - 2 0 0.30-0.57
Palaeogene 6400-7000 3 - 7 0.53-0.67
This generalization, however, has exceptions: Upstream of 
Samarinda (Loa Kulu area) Neogene coals have a high vitrinite 
reflectance (up to 0.57%). Bemmelen (1970), Hardjono and 
Syarifuddin (1983) and Kendarsi (1984) reported that Neogene coal 
in that area has an abnormally high specific energy and low 
moisture percentage. This coal can not be distinguished from 
Palaeogene coal in this respect. The cause of the higher 
vitrinite reflectance in the Neogene coals at the Loa Kulu area 
is presumably associated with local heating by igneous 
intrusions.
Vitrinite reflectance increases from top to base of the 
Barito Sub-basin sequence (Figure 7.14). Coal of Neogene age 
(Miocene and Pliocene) has a vitrinite reflectance range from 
0.3Q% to 0.47%. The vitrinite reflectance of Miocene coals is 
higher than that of Pliocene coals. The Palaeogene coals, 
however, have a vitrinite reflectance range from 0.53% to 0.64%.
] VITRINITE INERTINITE LIPTINITE ^ M IN E R A L  MATTER
Fig. 7.14 Stratigraphic column of Barito Sub-basin showing rank 
and type of coals.
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7.2.2 Palaeogene
Vitrinite reflectance measurements were performed on fifteen 
Palaeogene coal samples from both East and South Kalimantan. The 
results are shown in Appendix 2.3. Figure 7.13 shows the 
distribution of vitrinite reflectance for Palaeogene coals in 
East and South Kalimantan. Vitrinite reflectance ranges between 
0.53% and 0.67%. As compared with South Kalimantan Palaeogene 
coals, the vitrinite reflectance of East Kalimantan Palaeogene 
coals is higher, although Bemmelen (1970) and Kendarsi (1984) 
reported that their specific energy is about the same (7000 k 
cal/kg). Rvmax of East Kalimantan Palaeogene coals ranges from 
0.57% to 0.67%, whereas the South Kalimantan Palaeogene coals 
range between 0.53% and 0.64%.
Vitrinite reflectance histograms for some samples are shown 
in Figure 7.15.
As mentioned in the previous chapter, four coal seams in the 
Tanjung Formation are present in Banjar Baru area. Vitrinite 
reflectance of the four seams shows an increase from seam number 
1 (at the top) to seam number 4 (at the base) (Table 7.5). The 
slight change in vitrinite reflectance from top to base of the 
seguence is due to the thicker cover/overburden on the high rank
coals.
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Fig. 7.15 Vitrinite reflectance histograms for some 
Kalimantan Palaeogene coals.
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Table 7.5 Coal seams of Tan.junq Formation 
showing vitrinite reflectance variations
Seam % Rvmax
E1 0.55
E2 0.53
E3 0.56-0.60
Eft 0.58-0.64
Vitrinite reflectance increases slightly from top to bottom 
of some individual seams. The third seam of Tanjung Formation 
for example, has a vitrinite reflectance of 0.56?o at the top and 
0.60?o at the bottom. Vitrinite. reflectances of East Kalimantan 
individual seams do not show any trends. This means that the 
effects of temperature acting over a period of time did not vary 
within East Kalimantan individual seams and that type differences 
are small. Vitrinite reflectance trends of both East and South 
Kalimantan Palaeogene coals are the same. Rvmax increases 
slightly from top to base of the sequences.
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7.2.3 Neoqene
Twenty five Neogene samples from East and South Kalimantan 
were examined for vitrinite reflectance. The results are shown 
in Appendix 2.4; Rvmax ranges from 0.30% to 0.57%. Figure 7.13 
shows the distribution of vitrinite reflectance for the Neogene 
coals in both East and South Kalimantan. Vitrinite reflectances 
for both coalfields are similar (Rvmax of 0.30% to 0.47%) 
although vitrinite reflectance is higher in some coals in the 
Samarinda area (Rvmax of 0.48% to 0.57%). Bemmelen (1970) and 
Kendarsi (1984) reported that chemical analyses (including 
specific energy and total moisture) of Neogene coals from both 
areas are similar. Vitrinite reflectance histograms for some 
samples are shown in Figure 7.16. Vitrinite reflectance 
increases slightly from the top to the base of the sequence.
As explained in the previous chapter, the Neogene coals of 
East Kalimantan include coals from Pulubalang and Balikpapan 
Formations. In general, vitrinite reflectance of Pulubalang 
coals is higher than that of Balikpapan coals. Figure 7.17 gives 
a vertical section of the Balikpapan Formation in Loa Bukit area 
(Samarinda) showing coal type and rank. Rvmax increases slightly 
from top to base of the section. This increase is caused by the 
greater thickness of cover over the seams showing high rank. In 
some coal seams, vitrinite reflectance increases slightly from
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Fig. 7.16 Vitrinite reflectance histograms for some 
Kalimantan Neogene coals.
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VITRINITE INERTINITE
• LOCATION OF SAMPLING
LIPTINITE MINERAL MATTER
Fig. 7.17 Vertical section of coal measures in Loa Bukit area, 
Kutai Basin showing rank and type of coals.
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top to bottom. Seam B of the above section for example shows an 
increase from 0.41% at the top to 0.47% at the bottom.
Vitrinite reflectances of South Kalimantan Neogene coals 
show the same trend as that for the East Kalimantan Neogene 
coals. /
7.3 WEST JAVA
The Palaeogene.sequence contains the major coals of the West 
Java Coalfield. Neogene coals are also present in the 
Bojongmanik Coalfield.
Twenty eight Palaeogene and Neogene coals from West Java 
were examined; the results are given in Appendix 2.3. Vitrinite 
reflectance histograms for some samples are shown in Figure 
7.18. The Palaeogene coals range from sub-bituminous to high 
volatile bituminous rank (Rvmax ranges between 0.33% and 0.83%). 
The Neogene coals, however are brown to sub-bituminous rank 
(Rvmax ranges from 0.34% to 0.41%). Vitrinite reflectance of 
Palaeogene coals in Cihideung area increases locally (ranges from 
0.99% to 1.33%). This change is associated with an igneous 
intrusion.
Vitrinite reflectances vary between the study areas. Rvmax
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of Palaeogene coals in Bayah for example, is higher than that of 
Palaeogene coals in Cihideung (0.53% to 0.36% in Cihideung and 
0.60% to 0.79% in Bayah) (Figure 7.19). Vitrinite reflectance 
also increases in Cimandiri area (Rvmax of 0.64% to 0.83%). The 
higher vitrinite reflectance in Cimandiri area as compared with 
Bayah and Cihideung areas is due to the presence of an igneous 
intrusion (diorite).
Vitrinite reflectance increases from top to bottom of the 
Neogene and Palaeogene sequences. The change is caused by the 
.greater original thickness of cover over the lower coals. The 
same trend is reported by Bemmelen (1970) and Kendarsi (1984). 
They indicated that specific energy increases from Neogene to 
Palaeogene coals (Table 7.6).
Table 7.6 Relationship of vitrinite reflectance to 
specific energy of West Java coals
Coal Age Specific Energy Rvmax
(k cal/kg) («)
Neogene 4670 0.34-0.41
Palaeogene 5652-6778 0.53-0.83
7.4 SUMMARY OF INDONESIAN COALS
In spite of their short geological history, Indonesian 
Tertiary coals exhibit variable vitrinite reflectances,
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Fig. 7.19 Distribution of vitrinite reflectance in West 
Java Coalfield.
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apparently due to variable tectonic and igneous intrusion 
factors. Based on some petrographic characteristics (i.e. a 
scatter plot of vitrinite content vs vitrinite reflectance) 
Indonesian Tertiary coals are here divided into three groups 
(Figure 7.20). This classification has regional and 
stratigraphic significance and is important in the assessment of 
coal utilization potential.
The detection of igneous intrusion affected coals and some 
aspects of seam correlation can also be approached using this 
classification scheme. Group 1 (Neogene coals) have vitrinite 
reflectances ranging from 0.30% to 0.57% and vitrinite contents 
ranging from 75% to 96%. Most of the Indonesian coals belong to 
this group. Group 2 (Palaeogene coals) have vitrinite 
reflectances between 0.53% and 0.83%. Vitrinite content is 
similar to that of Neogene coals. The Palaeogene coals include 
all coals in the intermontane basins (Ombilin, Pasir Sub-basin in 
Kutai Basin) and some coals from the Barito Sub-basin and the 
West Java Coalfields. The rank ranges listed above of the two 
groups, refer to coals that have not been affected by local 
contact metamorphic effects.
The third group comprises thermally altered coals. In 
general, vitrinite reflectance of this group is more than 0.83% 
and vitrinite content exceeds 85%. Some coals from Bukit Asam, 
Ombilin and West Java Coalfields are in this group. In these 
areas, a more rapid and thorough alteration has taken place where
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bodies of igneous rock have intruded the Tertiary sequences. As 
a result, coal of lower rank has been metamorphosed to bituminous 
or anthracitic rank. The extent of rank increase depends 
primarily on distance from the intruded igneous rocks but may 
also be related to size and temperature of the intrusion. The 
extent of gas or liquid streaming away from intrusion may also be 
significant. Vitrinite reflectances of heat-affected coals of 
some areas are shown in Table 7.7.
Table 7.7 Vitrinite reflectance of some Indonesian coals
showing______contact______metamorphic______effects
Coalfield
% Rvmax
Unaffected Coal Thermally Affected Coal
Bukit Asam 0.30-0.53 0.69-2.63
Ombilin 0.55-0.77 3.39-4.69
West Java 0.34-0.83 0.99-1.23
Relationship between vitrinite reflectance and carbon 
content and specific energy is evident in both Palaeogene and 
Neogene coals. According to Bemmelen (1970), Kendarsi (1984), 
Strauss et al. (1976) and Stach (1953), carbon content and 
specific energy of Palaeogene coals are in general higher than 
those of Neogene coals (Table 7.8).
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Table 7.8 Comparison between chemical analyses and vitrinite 
reflectance of Indonesian Tertiary coals
Typical Chemical Analyses Range
Coal Age Carbon Specific Energy XCDE>
ICC
(«) (k cal/kg) (»)
Palaeogene 79.7 7200 0.53-0.83
Neogene 69.4 5000 0.30-0.57
7.5 VICTORIAN COALS
Vitrinite reflectances for thirty four coal samples from 
Morwell, Yallourn, Yallourn North Extension and Loy Yang 
Coalfields were measured to study the nature of vertical and 
lateral variations in rank of the seams. The reflectance values 
are shown in Appendix 2.6. Vitrinite reflectance histograms for 
some samples of different coal lithotypes are plotted in Figure 
7.21. Vitrinite reflectance for the Victorian coals in the 
vicinity of the Yallourn-Morwell area (Yallourn, Morwell and 
Yallourn North Extension open cuts) increases slightly with 
increases in strat igraphic depth. As shown in Table 7.9, the 
average vitrinite reflectance (Rvmax) for example, in the medium 
dark lithotype (Yallourn Seam) is 0.30?o whereas it is 0.33?o for 
the same lithotype in the Latrobe Seam. The lower reflectance 
values may be related to decreased burial depths, as a result of 
uplift, in the vicinity of the Yallourn North Extension open
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Table 7.9 Vitrinite reflectance of different lithotypes 
and coalfields in Victorian coals
Coalfield Seam Lithotype % Rvmax
Pale 0.20-0.24
Light 0.29
Yallourn Yallourn Medium Light 0.27-0.29
Medium Dark 0.30
Dark 0.31-0.32
Pale 0.24
Light 0.25-0.29
Morwell Morwell Medium Light 0.27-0.31
Medium Dark 0.29
Dark 0.31-0.32
Pale -
Yallourn Light 0.29
North Latrobe Medium Light 0.31-0.32
Extension Medium Dark 0.33
Dark 0.33
Loy Yang Morwell Medium Light 0.30-0.36
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cut. Edwards (1947; 1953) and Smith (1981) noted that uplift at 
the Yallourn North Extension open cut is about 200 to 400 metres 
more than at the Yallourn open cut.
Increased vitrinite reflectances of the Morwell Seam in the 
arc
Loy Yang area also due to slightly deeper burial. In this 
area, Gloe (1975; 1976) has reported greater thicknesses of 
overburden.
Edwards (1947; 1953) and Kiss (1982) reported an increase in 
carbon and hydrogen contents with depth as well as an increase in 
specific energy (1% per 30 metres of depth) and a decrease in 
moisture content (0.5% to 1.0% per 30 metres of depth). Moisture 
contents of different seams in different coalfields are shown in 
Table 7.10. It is important to realise that the bed moisture 
content of brown coal is significantly higher than its 
equilibrium moisture holding capacity. The latter is used as a 
rank parameter in higher rank coals. For engineering purposes, 
moisture content is expressed on a dry coal basis (Kiss, 1982). 
Therefore the economic value of high rank coals is best indicated 
by the moisture holding capacity whereas in the case of brown 
coals, the bed moisture content is the critical value.
Differences in vitrinite reflectance also exist between 
different coal lithotypes (Figure 7.22). It can be concluded 
from this Figure that the more gelified the coal, the higher the
vitrinite reflectance.
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Table 7.10 Bed moisture and moisture holding capacity of Victorian coals
(from Kiss, 1982)
COALFIELD
BED MOISÎTURE (X) MOISTURE
HOLDING
CAPACITY
(») % RvmaxDRY BASIS AS RECEIVED
Yallourn 182.4 64.2 38.4 0.20 - 0.32
Morwell 154.0 60.5 38.2 0.24 - 0.32
Yallourn North 98.3 49.5 41.2 0.29 - 0.33
Extension
Loy Yang 163.7 61.9 42.1 0.30 - 0.36
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Fig. 7.22 Vitrinite reflectance of different Victorian 
coal lithotypes.
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Significant variation of vitrinite reflectance unrelated to 
type also occurs within each seam. In the Morwell Seam for 
example, vitrinite reflectance increases slightly from top to 
bottom of the seam. Within level 7 of the seam, vitrinite 
reflectance increases from 0.29% to 0.30% but this difference is 
within the possible errors of the method. The same trend is 
present in Yallourn, Yallourn North Extension and Loy Yang 
coals. The increase in vitrinite reflectance from top to bottom 
of the seam is due to differences in cover and therefore burial
temperature.
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CHAPTER EIGHT
COMPARISON OF THE RANK OF THE INDONESIAN TERTIARY COALS 
WITH THAT OF VICTORIAN TERTIARY COALS
The Victorian Tertiary coals of the Latrobe Valley are much 
lower in rank than most Indonesian Tertiary coals. Vitrinite 
reflectances for the Victorian coals are less than 0.40% (most 
of the major coal seams have vitrinite reflectances less than 
0.35% Rvmax). These low ranks are caused by the shallow depth of 
burial of the Latrobe Valley coal measures (Smith, 1981; 1982). 
In the offshore Gippsland Basin, under greater cover, Latrobe 
Group coals range in vitrinite reflectances from about 0.40% to 
1.10% (Smith, 1981; 1982; Smith and Cook, 1984).
In contrast, Indonesian coals have vitrinite reflectances in 
the range 0.30% to 4.69%. The Indonesian coals consist of 
Neogene coals not affected by contact thermal alteration (Rvmax 
of 0.30% to 0.57%), Palaeogene coals not affected by contact 
thermal alteration (Rvmax of 0.53% to 0.83%) and Neogene and 
Palaeogene thermally affected coals (Rvmax of 0.69% to 4.69%). 
Vitrinite reflectances for most of the major Indonesian Neogene 
coals (subjected to regional coalification only) are in the range 
0.40% to 0.50%.
The distribution of vitrinite reflectance at the surface for 
some Indonesian sedimentary basins is shown in Figure 8.1.
Fig, 8.1 Vitrinite reflectance calculated for the present topographic 
surface.
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The rank of coal is generally considered to be controlled 
largely by the level of temperature under confining pressure, 
reached by the organic matter and partly by the time during which 
these effects were maintained (Francis, 1961; Bostick, 1973; 
Teichmuller and Teichmuller, 1968; 1982; Lopatin, 1971; Hood et 
al., 1973).
Increased depth of burial and increased temperatures and 
pressures over a period of time consequently result in higher 
rank. For any given amount of burial, rank is therefore firstly 
a function of the geothermal gradient and secondly a function of 
the duration of burial (Hood et al., 1975; Cook and Kantsler, 
1980; Kantsler et al., 1984).
Igneous activity can locally increase the supply of heat and 
cause increases in the rank of nearby coal seams (Kisch, 1966; 
Kisch and Taylor, 1966; Cook et al., 1972; Bostick, 1973; Jones 
et al., 1984).
The Victorian coals (onshore Gippsland Basin) are largely 
soft brown coal in rank although some Latrobe Seam coals at the 
Yallourn North Extension open cut (which have been subjected to 
folding and faulting) are hard brown coals.
Indonesian coals are dominantly sub-bituminous coals (or 
bright brown coals) and high volatile bituminous coals. However,
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some are hard brown coals. Localised contact metamorphism from
5 .
igneous intrusions has caused some of the coals to reach rank, in 
the bituminous to anthracite range.
GEOTHERMAL GRADIENTS
Geothermal gradients may alter during geological time. 
Geothermal gradients are influenced by heat flow and thermal 
conductivity of the associated rocks (Nwachukwu, 1976). As a
general rule, the geothermal gradient is inversely proportional 
to the thermal conductivity of the sedimentary sequence.
Geothermal gradients are usually estimated from bottom hole
temperature when drilling has stopped for well logging.
According to Fertl and Wichman (1977), maximum recorded
temperatures can be 14°C to 40°C lower than true static formation
temperatures due to the cooling effects of the circulation of
drilling fluid and the short time that elapses between cessation
of drilling and logging. Various methods of corrections for this
b«-1 r>
cooling effect are available most based on extrapolation
of .  ̂ . temperatures at known times after cessation of
circulation.
Thamrin et al. (1980; 1982; 1984) and Hamilton (1979) 
reported that geothermal gradients of Sumateran basins range
179
between 40°C to 70°C/km. A geothermal gradient of about 70°C/km 
occurs in Central Sumatera Basin (proximal to Ombilin Basin). 
South Sumatera Basin has a geothermal gradient of about 40°C to 
60°C/km (average 52.6°C/km). The geothermal gradient of 
Northwest Java Basin (proximal to West Java Coalfield) ranges 
from 30°C to 40°C/km. Schwartz et al. (1973) reported low 
geothermal gradients for Kutai, Barito and Pasir Basins 
(Kalimantan). These authors found that the geothermal gradient 
at the Attaka Oilfield (offshore Kutai Basin - East Kalimantan) 
is about 20°C/km.
The low geothermal gradients that occur in the Kalimantan 
areas are ~ both in a mobile belt and in the stable Sunda 
Shelf. Schuppli (1946) concluded that the East and South 
Kalimantan basinal areas are Tertiary 'embayments*extending into 
the Sunda Shelf. These areas were influenced by geanticline 
belts of different ages, occurring on the northern and eastern 
sides. Koesoemadinata (1969) noted that the deepest part of the 
basinal areas are the northeastern parts, where the geanticline 
belts converge.
The high geothermal gradients occurring in the Sumateran 
basinal areas are strongly influenced by high paleoheat flows 
(Thamrin et al., 1980; 1982; 1984). These high heat flows
accompanied Tertiary tectonism. The Sumateran basinal areas
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occupy a zone between an inner arc and the stable Sunda Shelf* 
The volcanic inner arc is represented in Sumatera by the Bukit 
Barisan Range. The arc is composed of folded pre-Tertiary strata 
in most places, and these rocks are crowned by active volcanoes 
(Koesoemadinata, 1969; Hamilton, 1979). Magmatism may have been 
the primary cause of the uplift and subsidence. High geothermal 
gradients in these areas could therefore reflect rapid burial 
followed by uplift and erosion. The heat associated with the 
magmatism increased the rank of the coals.
Based on calculations from about 139 wells of the offshore 
and onshore Gippsland Basin, Smith (1981; 1982) and Smith and 
Cook (1984) noted that geothermal gradients decrease in a 
systematic fashion as depth to basement increases. In the 
Central Deep, the geothermal gradients are generally about 
30°C/km. Further offshore towards the edge of the Continental
■-i,
Shelf, the geothermal gradients are as low as 20°C/km (Smith, 
1981; 1982; Smith and Cook, 1984). These authors also reported 
that the geothermal gradients are moderate within the Seaspray 
Depression (30°C to 40°C/km) but increase sharply in the Latrobe 
Valley Depression to over 80°C/km. Smith (1981) noted that the 
geothermal gradients in the Morwell-Yallourn open cut range from 
100°C to 300°C/km. He found that, in this area high geothermal 
gradients occur where thick coal seams occur. These seams 
comprise the bulk of the Tertiary sedimentary sequence in the 
Morwell-Yallourn area and to a lesser extent in the Loy Yang
area.
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COALIFICATION HISTORY
Vitrinite reflectance data are the basis of a number of 
coalification models which relate time to the temperature of 
organic metamorphism (Kantsler and Cook, 1978). The value of 
rank data can be extended by the use of a Karweil nomograph 
(Figure 8.2) which shows an approximation of the relationship 
between rank, temperature and time (Karweil, 1956; Bostick, 
1973). * - '
The Z value is logarithmic and coalification becomes an
additive function when transformed to Z. This enables the
coalification process to be evaluated as a series of cumulative
steps. The total value of Z corresponds to the observed final
*’rcw
rank of the coal. This technique was applied to^some Indonesian 
Tertiary coal basins and Gippsland Basin (Table 8.1).
Testing of the timing of coalification is possible using
model-derived temperatures (T.grad) compared with present
«re
well/basin temperature (T.pres) and the results plotted in 
Figure 8.3 from Table 8.1.
The gradthermal model assumes a history of steady rising
temperature up to a present day maximum, i.e., T.grad. Xu the
theisothermal - temperature required to generate the
Fig. 8.2 Karweil diagram ( From Cook,1982 ).
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Table 8.1 Estimate of palaeotemperature, isothermal (T.iso) and qradthermal (T.qrad)
in some Indonesian basins and Gippsland Basin
Basin/
Area
Name
Formation/
Well
Name
Present
Depth
(m)
RuMax
(X)
Total
Z
Present 
Basin/ 
Well 
T emp •
(°c)
Estimated
Present
Geothermal
Gradient
Time
Assigned
for
Sedimen­
tation
Phase
(m.y.)
Time
Assigned
for
Coalifi-
cation
Phase
(m.y.)
Zest., 
Calculated 
from 
f and i
Z-Z
est. T.iso T.grad
Palaeocover 
(metre) 
m-T.surface
g
Palaeocover
(metres)
/¿-T.surfacej
g
a b c d e f 9 h i j k 1 m n 0
South
Sumatera RC-50 200 0.47 0.010 41 53 20 15 0.004 0.006 60 96 1245 1245 .
Sawah-
Ombilin lunto 1000* 0.68 0.082 97 67 50 35 0.082 Z»Zest 93 149 1776 1776
East Badak 2250 0.50 0.013 75 20 12 10 0.013 ZarZest 75 120 4500 4250 £Kalimantani Penjil- 3500 0.75 0.10 100 20 23 18 0.045 0.055 124 198 8500 8250 ^atan 2
West Badui 1250* 0.36 0.01 75 40 20 15 0.017 Z<Zest _
Java Bayah 4000* t).63 0.07 170 40 50 35 0.60 Z<Zest 85 136 2650 2640
2020 0.55 0.026 73 30 80 - 74 0.12 Z<Zest 46 74 1967
Gippsland Tuna 1 2850 0.83 0.17 104 30 115 85 0.25 Z<Zest 82 125 36673538 1.03 0.21 124 30 125 95 0.55 Z<Zest 89 136 4033 • '
* Estimated from stratigraphic column for relevant sedimentary basin
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Fig. 8.3 Relationship between temperature estimated from 
coal rank and coal age data and present well/ 
basin temperatures of some Indonesian basins 
and Gippsland Basin.
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observed reflectance is assumed to have acted over the period of 
coalification, implying that sedimentary rocks reach such 
temperatures very early in the burial history.
In the South Sumatera Basin, time available for 
coalification in the RC50 shallow depth well is Mio-Pliocene to 
Holocene. Vitrinite reflectance of 0.47% occurs at a down-hole 
temperature of about 41°C. Such a reflectance corresponds to a 
total Z or coalification value of 0.006. It is assumed that the 
temperature has remained fairly constant over the last period 
15 m.y. From the palaeotemperature calculation^, it is concluded 
that in the RC50 well (Muara Enim Formation) burial temperatures 
have been higher in the past. A similar phenomena*occurs in the 
Kutai Basin (East Kalimantan).
In the Ombilin Basin, burial temperatures may have been 
similar to those obtained by taking the maximum stratigraphic 
thickness and calculating the burial temperature from the present 
geothermal gradient. In some areas near the shelf edge in the 
Central Deep of the Gippsland Basin (Smith and Cook, 1984), 
burial temperatures may have been lower in the past and the 
present temperatures appear to be a maximum.
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If subsidence in all of the Indonesian Tertiary coal basins 
and Gippsland Basin was accompanied by uniform rise in burial 
temperatures, temperatures would have been constant or falling 
since early Tertiary. Thus, T.grad would be expected to be
significantly above T.pres. Figure 8.3 shows that this is not
s
uniformly the case. The direction of elongation of the domains 
in the figure is related to the direction of the tie lines 
linking data points near the top and base of the section in each 
- well/basin. Lowest slopes are found for the Badak Penjilatan 2 
Well, East* Kalimantan (T.pres<T.grad) and are considered to 
relate to an early phase of higher heat flow. Data from the 
Ombilin Basin lie in a similar location. Slightly higher slopes 
are found for Gippsland Basin. For the West Java area 
T.pres>T.grad indicates a possible late rise in temperature.
Figure 8.4 shows a linear depth versus reflectance plot for 
offshore Gippsland and Kutai Basins. The profile for Kutai Basin 
(East Kalimantan) is constructed from data of Badak Penjilatan 2 
Well. Durand and Oudin (1980) plotted Rock-Eval T.max values of 
various samples from this well. Rvmax values are determined for 
their samples by using the T.max versus Rvmax correlation diagram 
of Durand and Oudin (1980).
The profile for Gippsland Basin is plotted using data from 
Tuna 1 Well (Kantsler et al., 1980). As shown in this figure,
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Fig. 8.4 Depth-reflectance profiles for Gippsland and 
Kutai( East Kalimantan ) Basins.
( Both depth and average Rv max are plotted 
on linear scale ).
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each reflectance profile exhibits a positive and increasing 
vitrinite reflectance gradient with depth. Vitrinite reflectance 
profiles for the Kutai and Gippsland Basins have different 
vitrinite reflectance gradients (Table 8.2).
Table 8.2 Vitrinite reflectance gradients of 
Gippsland and Kutai Basins
Gradient in % Rvmax / km at
BASIN 0.5% Rvmax 0.7% Rvmax 0.9% Rvmax
Gippsland 0.22 0.36 0.57
Kutai
(East Kalimantan) • 0.17 0.21 0.26
The vitrinite reflectance gradients mentioned above relate 
only to coals which are not known to be affected by contact 
alteration from andesitic plugs or associated intrusions. In the 
vicinity of intrusions (some of the Bukit Asam, Ombilin and West 
Java coals) very high lateral and vertical vitrinite reflectance 
gradients are present.
The vitrinite reflectance values are also plotted on a 
logarithmic scale (Figure 8.5). In this figure the increase in 
vitrinite reflectance with depth approximates a straight line.
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Fig. 8.5 Depth-ref 1 ectance profiles for Gippsland 
and Kutai Basins.
( Rv max are plotted on a logarithmic scale ).
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Profiles shown in the Figure 8.5 reflect basins that subsided at 
different rates, The burial rate at any given time may vary 
from area to area.
The surface reflectance intercept for the profiles is about 
0.2% Rvmax. The slope of the profiles depends on geothermal 
gradient and the amount of time that the rocks were subjected to 
the gradient (Dow, 1977). The amount of time during which rank 
increase occurred is a function of both geological age and 
sedimentation/erosion rates.
In general, the low geothermal gradient of the Kalimantan 
basinal areas produces a profile with lower vitrinite reflectance 
gradient (less additional coalification per unit depth) than 
those produced by the higher geothermal gradients in Gippsland 
Basin.
The younger sequence of Gippsland Basin (i.e. Palaeocene) 
produces a profile with lower vitrinite reflectance gradient 
(less additional coalification per unit depth) than the older 
sections (i.e. Late Cretaceous).
VITRINITE TEXTURES
Changes in textural properties of the coal macerals can be 
correlated with increases in coal rank and depth of burial. Peat
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and soft brown coals have high bulk porosities and high water 
content. These properties undergo significant reductions under 
the increased pressures occurring at depths of up to 1km 
(Dulhunty, 1954; Smith, 1981). Physical rank properties (other 
than bireflectance) change more throughout low rank ranges than 
during higher rank stages because higher rank coals are more 
dense. Consequently one major effect of increased pressure is in 
producing changes in the morphology of coal macerals (e.g. brown 
coal macerals compared to hard coal macerals).
Vitrinite textures are sensitive to increasing temperature 
and pressure and those of telovitrinite are more sensitive than 
those of detrovitrinite (Smith, 1981).
Smith (1981) also reported that telovitrinite at about 1250 
metres depth (Rvmax of 0.30%), shows remnants of open cell lumens 
and cell walls and cell contents aligned parallel to bedding. 
With increased depth, he indicated that the major process of 
vitrinite metamorphism appears to be conversion of textinite and 
well preserved texto-ulminite into eu-ulminite. At greater 
depths of burial, originally ungelified telovitrinite continues 
to undergo 'structural homogenisation'. At depths of about 1265 
metres, Smith (1981) recognised that telovitrinite shows a 
slightly more advanced stage of the same phenomenon (Rvmax of 
0.33%). At 1742 metres, almost all cell lumens are completely
closed.
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Textural features of coal from major Indonesian coalfields
are similar to those of offshore Gippsland Basin in the depth
range from 1500 metres to 2500 metres. Vitrinite textures of
d tcoal from Tuna-1 Well of offshore Gippsland Basin depth of
about 2500 metres (Kantsler et al., 1980) for example are very 
similar to those of Ombilin Basin. They are very dense and thin 
telovitrinite layers are prominent. Thin cutinite layers and 
weakly fluorescing suberinite are commonly associated with 
vitrinite. The textural properties of Indonesian coals indicate 
that all have at some stage been buried to at least 1000 metres.
At the locations sampled in the present study, all of the 
Indonesian coals had a maximum cover of more than 1000 metres. 
The maximum cover was calculated by using gradthermal model 
temperatures (Kantsler et al., 1978), geothermal gradient and 
surface temperature. The results are presented in Table 8.1.
Table 8.3 shows various maximum palaeocover in Tuna-1 Well 
(Gippsland Basin) and some Indonesian basins calculated from 
stratigraphic reconstruction, extrapolation of reflectance 
profiles and palaeotemperature calculation. The
palaeotemperature calculation is considered to be a good method 
for determination of palaeocover of Gippsland Basin and 
Indonesian basins.
Table 8.3 Maximum palaeocover of Tuna-1 Well (Gippsland Basin) and some Indonesian basins
------ Maximum Palaeocover From----------
Extra­
polation Palaeo-
Basin/
Stratigraphic Reflectance temperature
F ormation/ Calculation Profile Calculation (m)Area Well (m) (m) T.grad T. iso Vitrinite Textures
Bukit Asam Dense, but some cell walls of(South RC50 467* 475 1245 566 textinite are still well devel-
Sumatera) oped. Thin telovitrinite 
isolated in detrovitrinite
Ombilin Sawahlunto 1000* - , 1776 940 Dense, thin telovitrinite layers 
are prominent. Some cell lumens 
are completely closed
Kutai (East Badak 2250+ 4500 2250 N. A.
Kalimantan) Penjilatan-2 3500+ — 8400 4700
West Java Badui 1250* - Compact, but some remnant ofBayah 4000* 2650 1375 open cell lumens are present. 
Thin telovitrinite isolated in 
detrovitrinite. Some cell 
lumens are completely closed
2020+ _ 1967 1033 Dense, thin telovitrinite layersGippsland T una-1 2850+ - 3667 2233 are prominent. Some cell lumens3538+ 4033 2467 are completely closed. Weak 
fluorescing thin cutinite and 
suberinite are commonly assoc­
iated with vitrinite
* Estimated from stratigraphic column for relevant sedimentary basin 
+ Present cover
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The Neogene coals are currently overlain by less than about 
200 metres. The Palaeogene coals, however, are currently at 
depths of up to 1000 metres at Sawahrasau underground mine 
(Ombilin).
The calculations summarised in Tables 8.1 and 8.3 show that 
Bukit Asam coals had a maximum burial depth of about 1230 
metres. Bemmelen (1970) reported that Late Neogene coals of 
Telisa Bed of Central Sumatera Basin (proximal to South Sumatera 
Basin) were buried by about 1500 metres of sediments. He also 
reported that Late Neogene coals of the Kutai and Barito Basins 
in Kalimantan had a maximum cover of about 2300 metres. He 
determined this value from an offshore area, whereas in the 
present study the value is determined from the onshore area.
Late Neogene coals in the Badak Penjilatana-2 Well 
(offshore Kutai Basin) have vitrinite reflectance of 0.50% 
(Durand and Oudin, 1980). The estimated maximum cover is 
about 4500 metres from the gradthermal model or 2250 metres 
from the isothermal model. As erosion of the well section 
is unlikely, the data in Tables 8.1 and 8.3 suggest that 
present geothermal gradients are much lower than those 
responsible for much of the coalification.
Some of the mean vitrinite reflectances of Sumateran Neogene 
coals (maximum burial of about 1250 metres) are similar to t h p ^ ^  
of offshore Kalimantan Neogene coals.
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Palaeogene coals of Sumatera (Rvmax of 0.55% to 0.77%) are 
estimated to have been buried by about 1750 metres of strata. 
This depth of burial is less than that of the Palaeogene coals of 
West Java (Rvmax of 0.53% to 0.83%) which have an estimated
maximum cover of about 2500 metres. This has been caused by
differences in geothermal gradient.
Most of the Latrobe Group in the onshore Gippsland Basin
lies at a maximum depth of less than 600 metres (Smith, 1981) and
in those areas Rvmax is less than 0.4%. Where studied in detail, 
subtle but significant rank variations are found associated with 
differential subsidence and structural deformation. Coal seams 
at the Morwell-Yallourn and Loy Yang areas (Rvmax of 0.20% to 
0.36%) are currently overlain by a cover of less than 100 metres.
As mentioned above, vitrinite reflectance values for 
Indonesian Palaeogene coals (subject to regional coalification 
only) are in the range of 0.53% to 0.83%. At the locations 
sampled, the coals had a maximum burial of about 1750 metres in 
Ombilin Coalfield (Sumatera) and 2500 metres in West Java. In 
the Gippsland Basin, vitrinite reflectance values in the same 
range as the Indonesian Palaeogene coals occur in the offshore
area (Kantsler et__al., 1980; Smith and Cook, 1984; Cook,
pers.comm., 1985). These authors reported that coal from depths 
of about 1500 to 2500 metres have vitrinite reflectances between
0.55% and 0.70%.
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CHAPTER NINE
SIGNIFICANCE OF TYPE AND RANK OF INDONESIAN TERTIARY COALS 
WITH RESPECT TO THEIR UTILIZATION CHARACTERISTICS
The coal resources of Indonesia, along with oil, gas, 
geothermal, water power, firewood and agriculture waste resources 
are sufficient to meet current national energy requirements.
Utilization of Indonesian coal for domestic purposes can be 
divided into two broad categories:
1. as a fuel, for steam raising, lime brick and cement
processing; and
2. as a feedstock for the chemical industry or as a raw
material for coking.
In order to use the coals as effectively as possible,
studies on coal petrography are desirable. Petrographic methods 
are generally the most suited for determining the genetic
characteristics-of coal, largely because they lead to expressions 
of the variation in coal properties in terms of a small number of 
independent variables. Because of this feature they are commonly 
described as theoretical and fundamental.
Determinations of many chemical characteristics of organic 
matter in coals are difficult because of its insolubility in most
197
of the common organic solvents (at normal temperatures and 
pressures) (Francis, 1961).
With regard to utilization of coal as a raw material for 
combustion and gasification/liguefaction, liptinite macerals are 
important. In combustion and coking processes, liptinites are 
the main precursors of tar. Spores were designated as tar and 
gas producers (Krevelen, 1961; Stach, 1968); bands of coal rich 
in liptinite produce significant amounts of tar. Stach (1968) 
found that the yield of tar from spores and cuticles in general 
varies between 20% and 40% by weight but resins, waxes and 
carbohydrates form as much as 80% to 90%. Humins yield between 
6% and 14% of phenolic tar. The yield of tar increases with the 
proportion of hydrogen. In contrast to liptinite, the inertinite 
maceral group is subhydrous and richer in carbon. Inertinites 
show little or no fluidity during coking processes (Brown et al., 
1964b; Nandi et al., 1977).
COMBUSTION .
Generation of energy from coal by combustion, is the result 
of reactions between the combustible matter of the coal and 
oxygen (Ceely and Daman, 1981; Mackowsky, 1982; Bustin et al.,
1983).
Direct combustion of coal currently accounts for the largest
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consumption of coal in Indonesia and will probably continue to do 
so for many years. The primary use of this energy source is for 
steam generation. This energy is used directly and indirectly in 
industrial processes and by utilities for electric power 
generation.
Neavel (1981) and Mackowsky (1982) identified four coal 
characteristics (most of which are related to rank and type) 
which are important in combustion: specific energy, 
grindability, swelling behaviour and ash properties.
Quality-related variables for Indonesian and Victorian 
Tertiary coals are summarised in Table 9.1. Figure 9.1 shows the 
relationship of specific energy with rank for some Indonesian 
coals. Specific energy increases with increases in vitrinite 
reflectance, up to about 1.5%. According to Figure 9.1 specific 
energy decreases from Rvmax of 1.5 to 2.0%.
Coal used .for pulverised fuel combustion is ground to a 
particle size mainly below 65 microns (Ceely and Daman, 1981). 
Because of the energy required for this grinding, grindability of 
a coal is an important characteristic. Hardgrove Grindability 
Index (HGI) is related to rank and type. The HGI increases with 
increases in rank to about 1.40% vitrinite reflectance (about 23% 
volatile matter, and 90%C) and decreases at ranks greater than
Table 9.1 Summary of quality of Indonesian and Victorian coals
MACERAI. ANALYSIS 
VITRINITE INERTINITE
(S BY VOLUME)
MINERAL 
LIPTINITE MATTER
Rumax
h )
PROXIMATE ANALYSIS (BY WEIGHT) 
GROSS NET WET 
SPECIFIC SPECIFIC VOLATILE ENERGY ENERGY MATTER MOISTURE 
(K cal/kg) (K cal/kg) (*») (X)
ASH
(,%)
ULTIMATE ANALYSIS 
(55 BY WEIGHT)
C H 0 N S
HARDGR0VE
GRIND-
ABILITY
INDEX
FREESWEL­
LING
INDEX
' z  ’ < 
09 < ;
Subjected to 
regional coal- 
ification only
76-96 1-8 2-15 trace-5 0.30-0.53 5500-6500 5172-6096 37.5-48.5 18.5-24.5 3.7-10.6 68.81 4.3­5.1
23.4­
32.7
1 0.2­
1.2
59.4­
64.2
0­
1.0
K 
XL 
3  ; 
o
Heat affected 
coals
90-98 1-8 trace 1-6 0.69-2.60 6800-8400 6714-8173 8.5-29.5 4.2-12.5 1.6-5.7 83.7­88.9
1.2­
3.0
7.0­
13.0
1.5 0.7­
1 .1
- -
Ombilin 80-96 trace-6 2-14 trace-11 0.55-0.77 6800-7450 6497-7109 35.6-38.5 7.0-9.0 1.5-6.7 68.7­74.6
5.1­
5.6
17.9­
24.4
1.3­
1.4
trace- 48.3­
2.0 57.8
1.5­
2.0
z<*-
z
Neogene 75-95 1-9 2-15 1-2 0.30-0.57 5000-6000 - 31.0-48.1 8.0-26.7 1.1-11.0 - - - - 2.8- - 1.0-
<
z3<
XL
Palaeogene 76-94 1-6 3-19 1-6 0.53-0.67 6400-7000 6111-6576 33.7-38.1 8.0-20.0 1.2-5.2 66.6­78.3
4.7­
6.0
8.4­
19.8
1.5­
1.9
0.1­
1.9
- -
<
>
Neogene 81-91 1-3 5-16 1-2 0.34-0.41 4670 - 37:5 • - 13.9 - - - - 1.1 - -
t-
(0til
$
Palaeogene 71-93 1-8 1-10 1-6 0.53-0.83 5650-677B - - 5.8-19.1 5.B-19.1 - - - - 0.5­2.2 - -
Victoria 76-97 trace-4 2-20 trace-1 0.20-0.36 6091-7014 5589-6370 48.1-63.4 48.2-68.5 1.3-2.8 64.6- 4.4- 25.9- 0.4- 0.2- - -
Basis of Analysis: Indonesian coals: air dried basis (a.d.b.) and as received Sources: Mangunwidjaya (1980); Tobing (1980);
Victorian coals: dry ash free basis (d.a.f.b.) and as received Hardjono and Syarifuddin (1983); Kendarsi (1984)
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Fig. 9.1 Specific energy as a function of rank for some 
Indonesian coals.
2 0 1
1.435 (Neavel, 1981). The Hardgrove Grindability Index of Ombilin 
coals (Rvmax ranges from 0.55% to 0.77%) is lower than that of 
Bukit Asam coals not affected by igneous intrusions (Rvmax 
between 0.30% and 0.53%) (Table 9.1).
Higher HGI values indicate that less energy is required for 
grinding than for lower HGI values. HGI values increase with 
increases in mineral matter content in low rank coals but 
not markedly affected by mineral content in the high-volatile 
coals where the organic material itself is tough (Neavel, 1981). 
Neavel (1981) also noted that higher micrinite and liptinite 
concentrations cause high volatile coals to be tougher (lower HGI 
value). Deurbrouck and Hucko (1981) and Neavel (1981) found that 
the different hardness of various types of coal occurring in 
layers can result in predominance of different particle types in 
specific size ranges. Indonesian coals which consist mostly of 
bright (vitrain-rich) lithotypes are easy to grind and commonly 
accumulate in the finer fractions, and are enriched in a narrow 
size range. Liptinite-rich coals (which are generally tougher 
than liptinite poor coals) are difficult to grind and are 
commonly concentrated in coarser sizes (after Harrison, 1963 and 
Neavel, 1981).
For low rank coals, increases in explosive tendencies of 
dust correlated with increases in the sum of liptinite,
2 0 2
vitrinite and pyrite, by Neavel (1981). He also noted that the
tendency for spontaneous combustion in storage piles can occur
. . . .with coals rich in fusinite pyrite. ' Some Indonesian coals 
that contain less than 1?o fusinite but have high pyrite contents 
(up to U )  tend to be prone to spontaneous combustion (e.g. Bukit 
Asam coals).
Combustion properties of coal in furnaces are also related 
to volatile matter yield and swelling characteristics. Volatile 
matter yield is principally rank related (i.e. it decreases with 
increases in vitrinite reflectance as shown in Figure 9.2). 
Liptinite because of its high yield of volatile matter expands
explosively and then quickly burns.^ Swelling characteristics of
which can affect combustion properties in furnaces, have been 
reported to be independent of rank (Neavel, 1981).
Mangunwidjaya (1978) indicated that Free Swelling Index of 
Indonesian coals is higher for the higher rank coals than that 
for the lower rank coals (Table 9.1). Shibaoka (1969) in a 
series of experiments using a microscope with an attached heating 
stage, showed that the order of ignition for the maceral groups 
was liptinite-vitrinite-inertinite. Among individual macerals, 
resinite was found to be especially reactive. At the other 
extreme, fusinite in the early stages of heating changed very 
little, except to become more fractured. Eventually as heating
llptw ite.
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Fig. 9.2 Volatile matter yield as a function of rank 
for some Indonesian coals.
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progressed, the fusinite was consumed but at a slower rate than 
the other macerals. These studies show how the concept of 
'reactive' and 'inert' apply to the performance of macerals 
during combustion as well as in carbonization or gasification. 
Indonesian coals in general contain less than 10?i 'inert' 
macerals. Combustion systems for Indonesian coals can therefore 
operate with normal combustion temperatures and residence times 
('normal' temperature is about 1400°C).
Ash content of Indonesian coals ranges between Vo and 19?o 
(Table 9.1). The ash properties are related to mineral matter 
composition (Reid, 1981). Ash analyses and fusion point 
determination of some Indonesian coals are summarised in Table 
9.2. Mineral matter affects heating values of coals; variations 
in type of mineral matter affects ash fusion properties. Ash 
disposal is important with regard to the development of ash 
deposits and corrosion.
Sulphur is a major contributor to external corrosion. 
Sulphur contents of Indonesian coals are generally less than 2?o, 
although some of the Kalimantan Neogene coals contain up to 4?o 
(Table 9.1). High sodium levels in Banko coals - Bukit Asam 
(Haan, 1976; Shell Mijnbouw N.V., 1978; Kendarsi, 1984) promote 
ash fouling of boiler tubes by creating hard, coherent deposits. 
The sodium tends to volatilise in the high temperature zone of
Table 9.2 Ash characteristics of Indonesian coals
Ash analysis (%) Ash fusion point: (“O
Coalfield Si02 ai2o3 Fe203 Ti02 MgO CaO Na20 k2o P2°5
Initial
deformation Hemisphericaltemperature
Fluid
temperature
Softening
temperature
Bukit Asam 
(subjected to regional 
coalification 
only)
42.4-79.0 6.5-37.0 1.4-5.7 0.4-1.2 0.5-3.7 0.7-6.1 0.5-5.1 0.2-0.6 0.1-0.6 1,100-1,400 1,245-1,400 1,400-1,600 1,400
Ombilin 24.4-79.4 6.7-22.9 8.3-33.0 0.4-1.2 0.6-3.4 2.0-8.0 - 2.4-3.1 0.1-0.2 1,380-1,450 - -
Source: Soekarsono (1982)
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the furnace and act as a fluxing agent for other ash constituents 
thereby causing them to melt and be deposited on tube surfaces.
Nandi et al. (1977) found that fly ash in their experiments 
consisted of unreacted particles of fusinite, semifusinite, 
mineral matter and oxidised vitrinite. Fly ash can be 
commercially used in the manufacture of concrete products, 
cement, lightweight aggregates, soil stabilisation products, 
asphalt paving mixes and ceramic products (Reid, 1981).
In cement manufacture, fly ash added to the raw feed before 
burning can provide an inexpensive source of silica and alumina, 
thereby partly replacing shale or other argillaceous substances 
that mixed with limestone or other calcareous materials, form 
cement clinker when heated to a high temperature.
Indonesian coal ashes which contain about 70?o Si02 plus 
AI2O3 plus Fe203 and not more than 5% MgO (Table 9.2) can be used 
for cement manufacture and also for lightweight aggregates, 
asphalt paving mixes, concrete, soil stabilisation and ceramic 
products.
Moisture levels of coals should also be considered where 
they are to be used for combustion. High moisture levels promote 
low heating values. Indonesian coals contain less than 50% total
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moisture (cf. total moistures of some Victorian coals in excess 
of 60%) but some of the peats in Kalimantan have a higher 
moisture content than any of the Victorian brown coals (more than 
70%) (Johannes, 1983). Total moisture content decreases with 
increases of vitrinite reflectance for a suite of Indonesian 
coals (Figure 9.3).
CARBONISATION
Carbonisation is a process of destructive distillation of 
organic substances in the absence of air. It yields a carbon 
residue and produces liquid and gaseous products (Neavel, 1981; 
Cook, 1982; Mackowsky, 1982). Carbonisation of some coals (the 
course of the processes is largely determined by rank and type) 
produces coke. Coke is used as a fuel and as a metallurgical 
reducing agent. The metallurgical applications are mainly in the 
iron and steel industry, mostly in blast furnaces.
Several tests have been made to determine and improve coking 
properties of Indonesian coals (Bemmelen, 1970; Tobing, 1980). 
The results were disappointing because metallurgical coke of 
sufficient strength and porosity could not be made on an 
economical basis. Under normal conditions of carbonisation only 
bituminous coals have good coking properties (Edwards and Cook, 
1972; Mackowsky, 1982; Bustin et al., 1983). Edwards and Cook
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(1972) illustrated the variation of coke strength with rank 
(Figure 9.4). According to these authors, coal (of suitable 
type) having between 8 6% and 89% total carbon in vitrinite can 
form strong cokes without blending with other coals.
Vitrinite and liptinite become plastic when carbonised and 
can bond a granular charge to produce coke. Liptinite because of 
its high yield of volatile matter, yields little solid residue 
and does not produce a strong coke. Vitrinite therefore makes 
the most important contribution to coking properties (Edwards and 
Cook, 1972). The variation in coke strength with vitrinite 
content is shown in Figure 9.5. A method of determining the 
coking potential of various macérais as a function of rank, has 
been suggested by Brown et al. (1964b). All inertinite and 
mineral matter are considered 'inert'.
In Indonesia, coke was initially produced at the Ombilin 
coal mine in a 'beehive oven'. The oven had a capacity of about 
120 tons of coke per year (Tobing, 1980). Since 1975, this coke 
has been used in some foundries, however the guality does not 
satisfactorily compare with that of imported coke. Coke 
production in Indonesia terminated in 1977.
A Lurgi low-temperature carbonisation pilot plant was built 
by the government of the Republic of Indonesia in co-operation
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MEAN MAXIMUM VITRINITE REFLECTANCES
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% CARBON IN THE VITRINITE (dmmf)
dmmf sdry mineral matter free
Fig. 9.4 Generalized relationship of coke strength and 
coal rank, indicated by vitrinite reflectance 
and carbon content of vitrinite, at constant 
type( after Edwards and Cook,1972).
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% VITRINITE (mmf)
mmf smineral matter free
Fig. 9.5 Generalized relationship between coke strength 
and coal type, indicated by vitrinite content, 
at constant rank( after Edwards and cook,1972).
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with the Federal Republic of Germany. It was constructed in 
accordance with plans for coke production for blast furnace 
purposes (Tobing, 1980). The Lurgi plant by using low 
temperature carbonisation, produces semi-coke. The plant 
however, has not been operating since 1963. Semi-coke from the 
Lurgi plant could be utilised as a reductant in the smelting of 
tin and ferronickel.
At present, the tin ore smelting at Mentok, Bangka and 
ferronickel smelting at Pomalaa are using Bukit Asam anthracite 
for their ore reduction. The chemical characteristics of the 
semi-coke from the Lurgi plant are approximately equal to the 
Bukit Asam anthracitic coals (Table 9.3). In order to compensate 
the poor coking properties of Indonesian coals, they could be 
blended with imported coal before being carbonised.
Blending of coals may be attempted more confidently by 
application of the relationship shown in Figures 9.5 and 9.6. 
The main range of coals likely to be used for coking are 86% to 
90% carbon in vitrinite (Rvmax of 1.20% to 1.40%) and 45% to 55% 
vitrinite content (mineral matter free). It is desirable to have 
an inertinite content of close to 40%. To achieve this 
specification, Indonesian Palaeogene coals can be blended with 
yitrinite—poor coals provided such coals are of higher rank (more 
than 8 6% carbon). It would not be desirable to blend Indonesian
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Table 9.3 Comparison of the chemical composition of Lurgi 
Semi-cokes and Bukit Asam anthracites (from Tobing, 1980)
Characteristics
Bukit Asam Bukit Asam 
Lurgi Semi-Cokes Anthracites
Moisture (%) 2.1 - 7.4 1.21 - 11.4
Ash (Si) 6.7 - 16.9 0.41 - 7.09
Fixed Carbon (%) 69.8 - 80.7 57.98 - 83.44
Volatile Matter (SS) 5.3 - 12.2 6.56 - 23.34
Calorific Value 
K cal/kg 6,314 - 7,395 6,038 - 8,164
Sulphur (%) 0.7 - 1.1
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non coking coals with higher grade liptinite rich coking coals, 
since most of the Indonesian non coking coals contain moderate 
liptinite contents. Bulli Seam (Australian Permian coal) would 
be suitable for blending with Indonesian non coking coals. Cook 
and Wilson (1969) reported that the Bulli coal has 87% to 90% 
carbon (Rvmax of 1.07% to 1.44%), 35% to 50% vitrinite content 
and the remainder being inertinite.
GASIFICATION
Gasification of coal, where the organic constituents are 
completely converted into gas by using oxygen and/or steam as the 
gasification agent, is another potential use for Indonesian 
coals. The gas yielded could be used where natural gas and gas 
from petroleum are presently used.
Although moisture, mineral matter and elements other than
a f id  o x ^ e n
carbon^are all dilu ents (Hebden and Stroud, 1980), it does not 
follow that the highest grade coals for gasification are high 
rank coals. High carbon coals (anthracite and low volatile 
bituminous rank) are poorly reactive during gasification 
processes. In brown coals and high volatile bituminous coals, 
vitrinite, liptinite and low reflectance semifusinite are 
regarded as reactive during gasification whereas, high 
reflectance inertinite and some mineral matter are relatively
inert or completely inert.
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Gasification tests of Ombilin and Bukit Asam coals have been 
carried out by Gapp (1980). He concluded that Indonesian coals 
are well suited for gasification without any restriction. The 
gas produced can be used for a variety of purposes.
In summary, Indonesian coals are in general suited for 
direct combustion although high moisture contents and spontaneous 
combustion will present problems with some of the lower rank 
coals. The major utilization will be for electricity generation; 
coal use in other industries will be mostly related to the 
expansion of domestic cement production. The combustion process 
is influenced by coal rank and type.
Vitrinite reflectance is the best method for measuring 
and mapping lateral and vertical variations of rank. Measurement 
can be made guickly with high accuracy and precision and with 
little or no restriction on the samples reguired.
Vitrinite rich coals are suited for preparation in 
combustion, because the coals are easy to grind through to the 
finer fractions. The vitrinite rich coals (Rvmax of about 0.70%) 
are generally tougher than the more inertinite rich coals. 
Although Indonesian coals have poor coking gualities, some could 
be used as a blend component with higher rank coals, for example 
higher grade imported coking coal. Gasification of Indonesian 
coals could be developed in the future.
216
CHAPTER TEN
CONCLUSIONS
GENERAL CHARACTERISTICS
A comparison of coal type and rank characteristics of 
Indonesian and Victorian Tertiary coals, based on more than 250 
samples, indicates the influence of geological setting on their 
characteristics. Type differences between Victorian coals and 
Indonesian coals from several basins of various ages reflect the 
influence of peat environment and climate. Vertical and lateral 
rank variation characteristics result from contrasting burial and 
palaeotemperature histories. Differences in seam geometry 
reflect differences in depositional and tectonic environments 
Both type and rank characteristics influence utilization.
Indonesian coals of Palaeogene age were deposited in 
intermontane basins and continental margin basins; they are 
interbedded with lacustrine and fluviatile deposits. Neogene 
coals were deposited in back deep basins and continental margin 
basins; they range in sedimentary setting from limnic to deltaic 
and paralic.
Victorian coals by contrast were deposited in a rift valley 
and are associated with fluvio-lacustrine deposits.
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The palaeoclimate of Indonesia throughout the Tertiary was 
humid and tropical. In the Gippsland Basin, the Palaeocene to 
Eocene period was characterized by high temperatures and rainfall 
together with some seasonal differences in rainfall, whilst the 
Oligocene to Miocene period was more uniformly wet and relatively 
cool.
The development of Indonesian peats was associated with the 
establishment of tropical forests whilst in the Victorian 
Tertiary peats were associated with the establishment of 
sub-tropical forest and mixed forest (i.e. sclerophyll forest and 
marshland vegetation) and in the younger parts of the basin 
temperate rainforest.
The thickness of the Indonesian coal seams ranges from a few 
centimetres up to 15 metres. Some Victorian coal seams, however, 
have a thickness more than 100 métrés. Even allowing for the 
lower rank of the Victorian coals, seam thicknesses in the 
Latrobe Valley are much greater than those in the Indonesian 
Tertiary.
COAL TYPE
Macroscopically, Indonesian coals can be characterised as 
clarain and vitrain lithotypes. The Stopes lithotype system of
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nomenclature for lithotypes is unsuitable for Victorian coals, 
because of their low rank. Using the State Electricity 
Commission of Victoria system they are characterized as dark, 
medium dark, medium light, light and pale lithotypes. Pale 
lithotypes are rare.
Vitrinite comprises the dominant maceral in both Indonesian 
and Victorian coals, but there are significant differences in the 
proportions of the vitrinite subgroups. Both contain mostly 
detrovitrinite and telovitrinite and some minor gelovitrinite. 
As compared with Indonesian coals, Victorian coals are more 
physically degraded. This is indicated by a higher ratio of 
detrovitrinite to telovitrinite for Victorian coals.
Liptinite is common in both Indonesian and Victorian coals 
(typically the content is in the range 5% to 10%). Resinite is 
the dominant liptinite maceral in Indonesian coals, although 
cutinite and suberinite are dominant in some occurrences. 
Sporinite and liptodetrinite are common and fluorinite is rare in 
the Indonesian suite. Liptinite of Victorian coals, however, is 
dominated by liptodetrinite, suberinite and sporinite. Resinite 
and cutinite are common in some Victorian coals. Indonesian 
coals are also characterised by the presence of other liptinite 
macerals, such as exsudatinite, sporinite clusters (originating 
from sporangia) and alginite. Exsudatinite is not present in the 
Victorian coals onshore, but does occur in the offshore Gippsland
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Basin (Kantsler et al., 1980; Smith, 1981). Alginite is very 
rare in the coals of the Latrobe Group, both onshore and offshore 
(the present work; Smith, 1981; Cook, pers.comm., 1985).
As compared with Victorian coals, Indonesian coals contain 
more inertinite. Some of the Indonesian coals (typically Neogene 
coals) contain more than 5% inertinite, while all onshore 
Victorian coals contain less than 5?o. Smith and Cook (1984) 
reported that moderate to high inertinite contents are present in 
the Lower Eastern View type coals (subfacies B) of the offshore 
Gippsland Basin. Inertinite of Indonesian and Victorian coals 
includes semifusinite, sclerotinite, fusinite and inerto- 
detrinite, but semifusinite, fusinite and inertodetrinite are 
more abundant in the Indonesian coals.
Mineral matter, comprising mainly clay and pyrite is rare in 
Indonesian coals and very rare in Victorian coals (trace to 5 % 
with few Indonesian coals containing more than 5%).
Type characteristics of Indonesian coals more closely 
resemble the Lower Eastern View type coals than the Latrobe 
Valley type coals, even though the basinal setting of the 
Indonesian coals is quite different from that of the Lower 
Eastern View type coals. This suggests that similarities in age, 
climate and general features of the peat environment can outweigh
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basin setting. The higher proportion of inertinite in Indonesian 
coals as compared with the Latrobe Valley coals suggests differ­
ences in the extent of oxidation during the peat stage. High 
proportions of vitrinite in both suite coals from Indonesia and 
Victoria indicate that the original plant material consisted 
essentially of woody plant tissue and that peatification took 
place under relatively wet reducing conditions.
COAL RANK
The average vitrinite reflectance of Indonesian coals is 
much higher than that of Victorian coals. The Indonesian Neogene 
coals are typically much lower in rank than the Palaeogene 
coals. Indonesian Palaeogene coals not affected by contact 
alteration have vitrinite reflectances between 0.53% and 0.83%, 
whilst Neogene coals not affected by contact alteration range 
from 0.30% to 0.57%. Most of the Indonesian Neogene coals have 
vitrinite reflectances in the range 0.40% to 0.50%. However, 
Victorian Tertiary coals of the onshore Gippsland Basin have 
vitrinite reflectances from 0.20% to 0.36%.
Vitrinite reflectance of Indonesian coals show significant 
increases with depth. Some seams exhibit an increase in 
vitrinite reflectance from seam top to bottom. This last effect 
is probably due to type rather than rank effects.
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Lateral changes in vitrinite reflectance of the Victorian 
coals are associated with extensive folding and faulting that 
have brought originally more deeply buried parts of the 
succession to the surface (for example at the Yallourn North 
Extension open cut). In the offshore parts of the Gippsland 
Basin, cover of up to 4.5km is associated with vitrinite 
reflectances of up to 1 .1SS.
In some of the Indonesian coalfields (Bukit Asam, Ombilin 
and West Java), the coal seams are locally altered by igneous 
activity which has resulted in a wide range of higher rank coals 
(Rvmax of 0.69?o to 4.69?o; bituminous to anthracite rank). In 
the proximity of the intrusions, very high lateral and vertical 
rank gradients are present. Most of the Indonesian anthracite 
samples show some degree of bireflectance. The bireflectance 
increases as vitrinite reflectance increases. Bireflectance of 
Bukit Asam anthracite for example increases from 0.06 (Rvmax of 
2.34?o) to 0.27 (Rvmax of 2.79?o). These values, nevertheless, 
are anomalously low.
BASIN HISTORY
The coalification histories of Indonesian Tertiary coal 
basins are markedly different. Palaeotemperature calculations 
indicate burial temperatures of coal deposits in South Sumatera
2 2 2
and Kutai Basins have been higher in the past. It. assumedA
that the geothermal gradient has remained fairly constant 
throughout the coalification period. In the Ombilin Basin, 
burial temperatures may have been the same in the past. In some 
areas near the shelf edge in the Central Deep of the Gippsland 
Basin, burial temperature may have been lower in the past and the 
present temperatures appear to be a maximum.
Vitrinite textural features of most Indonesian coals are 
very similar to those of offshore Gippsland Basin at depths of 
between 1500 metres and 2500 metres. Vitrinite textural 
features, palaeotemperature estimates, geothermal gradient and 
surface temperatures indicate that all Indonesian Tertiary coals 
have at some stage been buried to at least 1000 metres.
COAL UTILIZATION
The Indonesian and Victorian coals are generally suited to 
use for direct combustion. The major itilization potential is 
power generation. The absence of fibrous textinite in Indonesian 
coals (cf its abundance in Victorian coals) suggest that 
grindability characteristics should generally be favourable. The 
rank of the coals is sufficiently low for spontaneous combustion 
to be a significant problem. Victorian coals are more 
susceptible to spontaneous combustion than of Indonesian coals,
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because they are lower in rank. Moisture contents of Indonesian 
and Victorian coals are moderate to high, giving moderate to low 
net wet specific energy.
The rank of the Indonesian coals is generally too low for 
use as a single component charge'in coal carbonisation. However, 
significant reserves of coals exist (typically Palaeogene coals) 
that could be added as a minor component with higher grade coking 
coals. This would decrease the volume of good quality coking 
coals which would need to be imported for coke production. Many 
coals would be suitable for the production of low temperature 
chars for use as a blend additive.
The higher liptinite contents of both Indonesian and 
Victorian coals indicate hydrocarbon yields from liquefaction 
would be relatively high.
The type and abundance of liptinite in the two coals 
indicate that Indonesian coals would produce relatively aromatic
oils whereas Victorian coals would produce ligher oils.A
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In Appendices 1,1 to 1.6 and 2.1 to 2.6, the following 
abbreviations are used:
T.V. — Telovitrinite
D.V. = Detrovitrinite
G.V. = Gelovtrinite
S.F. = Semifusinite
FUS. - Fusinite
SCLE = Sclerotinite
INERT. = Inertodetrinite
MIC. = Micrinite
MAC. - Macrinite
RES. = Resinite
CUT. = Cutinite
SUB. - Suberinite
SPO. r Sporinite
LIPT. = Liptodetrinite
FLUO. = Fluorinite
EXS. Exsudatinite
ALG. = Alginite
SPRG. = Sporangia
M.M. = Mineral matter
tr r trace (less than 0.5?o)
Fig. - Figure
°/c = Open cut
u/g r Underground
Ant = Antrancher
APPENDIX 1 MACERAL ANALYSES
APPENDIX 1.1: BUKIT ASAM COALS
Sample
Number
Location Seam 
(see Fig.7.3 
and 7.5)
Vitrinite 
TV DV
(«)
GV SF
Inertinite (%) 
FUS SCLE INERT MIC MAC RES CUT SUB
Liptinite 
SPO LIPT
(S)
FLUO EXS MM
19327 HD-55 hanging 
Tapuan
66 15 5 1 tr tr - - - 3 1 1 tr 2 2 - 2
19343 HD-54 hanging 
Tapuan
26 47 14 3 - tr 1 tr - 1 tr 3 2 1 tr - 2
19411 Banko hanging 31 52 5 2 1 tr tr - - 2 tr 3 - 1 1 - 2
19417 47 38 6 1 - tr - - - 1 tr 2 - 1 1 - 3
19418 58 26 8 1 tr tr 1 - - tr - 3 - 1 1 — 1
19283 Air Laya °/c A'j 48 32 5 2 1 - tr - - 1 6 2 - 2 1 — tr
19287 54 35 5 tr 1 tr tr - tr 1 1 1 - 1 1 — —
19289 50 19 17 1 tr tr tr tr - 1 8 tr - 1 — — 1
19290 S.E. Balong 
Hijau °/c A1 31 42 22 1 1 tr tr _ 1 1 tr 1
19292 27 49 17 3 tr tr tr tr - tr 1 1 - - — — 1
19294 33 33 19 2 - tr 1 1 - 5 2 - 1 2 tr tr 1
19297 S.W. Balong 
Hijau °/c A-j 97 tr 1 1 m . 1
19298 97 - 1 1 - tr - - - - - - - - — — 1
19299 Muara Tiga °/c A*) 17 40 34 1 - 1 - 1 - 1 5 tr jau °/c *1 97
19298 97 - 1 1 - tr - - - - - - - - — — 1
19299 Muara Tiga °/c A-j 17 40 34 1 - 1 - 1 - 1 5 tr jau °/c A1 97
19298 97 - 1 1 - tr - - - - - - - - — — 1
19299 Muara Tiga °/c Â 17 40 34 1 - 1 - 1 - 1 5 tr
APPENDIX 1.1: BUKIT ASAM COALS (continued)
Sample
Number
Location 
(seo Fig.7.3 
and 7.5)
Seam Vitrinite 
TV DV
(S)
GV SF
Inertinite (%) 
FUS SCLE INERT MIC MAC RES CUT SUB
Liptinite 
SPO LIPT
( s )
FLUO EXS MM
19303 Muara Tiga °/c 56 33 7 _ tr — 3 tr _ _ — - -
19315 HD 37 Air Laway Al 43 35 7 1 tr tr - tr - 1 1 6 - 1 tr - 4
19319 HD 40 Air Laway Al 52 26 10 2 tr tr - - - 2 - 3 - 1 1 - 3
19323 HD 17 Air Laway Al 57 19 10 2 1 1 tr tr - 1 1 3 - 2 1 - 2
19320 HD 55 Tapuan Al 57 22 12 1 tr - - tr - 1 1 3 tr 1 1 - 1
19331 HD 61 Air Laway Al 55 26 9 3 - 1 - tr - 1 1 1 - 2 - - 1
19336 HD 62 Air Laway Al 52 27 9 1 1 1 tr 1 - 2 1 3 - 1 tr - 1
19340 HD 63 Air Laway Al 77 10 5 1 tr tr - - - 2 tr 2 tr t r tr - 1
19344 HD 54 Tapuan Ai 37 31 18 4 1 tr t r tr - 1 - 2 tr 2 2 - 2
19346 HD 51 Air Laway A1 34 36 11 5 1 1 1 - - 1 - 3 tr 3 2 - 2
19352 HD 43 Air Laway A1 63 22 6 1 1 tr - tr - 1 tr 2 - 1 1 - 2
19355 HD 01 Air Laway Al 36 39 9 2 tr tr 1 tr - 2 tr 2 - 4 3 - 2
19359 HD 12 Air Laway Al 36 43 10 3 tr tr 1 tr - 1 tr 2 - 1 1 - 1
19368 Suban ü/c A1 97 - - - - - - tr - - - - - - - - 2
19369 96 - - 2 - tr - tr - - - - - - - - 1
19370 Air Laya °/c Al 22 60 8 3 tr 1 1 - - 2 tr tr tr 1 1 - 1
19371 RC 63 Air Laya Al 46 24 15 4 1 1 1 1 - 2 tr 2 - 1 tr - 2
19376 RC 60 Air Laya Al 84 5 2 3 - tr - 1 - - - - - - - - 5
19381 RC 39 Air Laya Al 57 22 11 1 1 1 tr - - 1 tr 3 - tr 1 - 2
19386 RC 14 Suban Al 33 48 12 5 tr tr tr tr - - - - - - - - 1
APPENDIX 1.1: BUKIT ASAM COALS (continued)
Sample
Number
Location 
(see Fig.7.3 
and 7.5)
Seam Vitrinite 
TV DV
cí)
GV SF
Inertinite (?ó) 
FUS SCLE INERT MIC MAC RES CUT SUB
Liptinite 
SPO LIPT
(«)
FLUO EXS MM
19390 RC 12
Bukit Asam
A &
a2 96 1 tr tr 1 2
19394 RC 27A Air Laya Ai 26 56 10 2 tr tr 1 tr - 1 - 1 - 1 tr - 1
19399 RC 10 Tapuan A1 49 22 19 7 - tr tr 1 - - - - 1 - - - 1
19403 RC 50 Air Laya Al 38 40 8 2 - tr 1 tr - 1 tr 2 tr 2 1 — 4
19408 RC 62A Air Laya Al 36 43 11 2 tr tr 1 tr - 1 - 1 - 1 1 — 1
19412 Banko Al 51 36 7 1 - tr tr - - 1 - 2 - 1 — _ 1
19413 66 21 8 tr - tr - - tr tr tr 1 - tr — — 2
19414 Banko Al 65 14 12 - -  ■ tr tr - - 1 tr 3 - 1 1 _ 2
19422 58 25 9 tr - tr - - - 2 1 2 - tr 1 — 2
19423 50 35 7 tr - 1 - - - tr - 5 tr - — _ 2
19424 57 24 5 tr - tr - - - 5 tr 3 1 2 2 tr 1
19425 45 26 6 tr - tr - - - 4 4 7 2 3 1 _ 1
19295 S.W. Balong 
Hijau °/c a2 96 tr 2 tr 1 1 _ tr , m . tr
19296 96 - 1 1 - 1 - - - - - - - — — _ 1
19304 Muara Tiga ° / c a2 31 44 10 10 1 1 1 1 - tr 1 tr - tr tr — tr
19306 30 37 11 11 2 1 tr tr - 4 2 1 tr tr tr — 1
19307 44 34 16 1 - tr - tr - 1 2 1 tr - - — tr
19308 38 27 23 5 - tr 3 - tr 1 2 - - tr _ 1
1 9 3 1 6 HD 37 Air Laway a2 52 25 12 1 tr tr - - - 1 - 4 1 1 — _ 3
19320 HD 40 Air Laway a2 34 43 8 1 1 1 - - - 1 tr 6 tr tr tr _ 4
APPENDIX 1.1: BUKIT ASAM COALS (continued)
Sample
Number
Location 
(see Fig.7.3 
and 7.5)
Seam Vitrinite 
TV DV
(Si)
GV SF
Inertinite (*) 
FUS SCLE INERT MIC MAC RES CUT SUB
Liptinite 
SPO LIPT
(*)
FLUO EXS MM
19324 HD 17 Air Laway a2 59 21 8 4 tr 1 1 1 2 1 1 1
19329 HD 55 Tapuan a2 44 33 11 2 1 tr tr 1 - 2 tr 2 tr 2 1 - 1
19332 HD 61 Air Laway a2 55 20 12 3 1 1 tr 1 - tr 2 2 tr 1 1 - tr
19337 HD 62 Air Laway a2 62 20 8 1 1 1 tr - - tr - 2 - 1 2 - 2
19341 HD 63 Air Laway a2 49 28 10 2 - tr - - - 3 tr 2 tr tr tr - 5
19343 HD 54 Tapuan A 2 59 21 9 1 tr 1 - - - 2 tr 3 tr 1 tr - 3
19347 HD 57 Air Laway a2 27 43 16 5 tr 1 1 tr - 1 - 2 tr 1 1 - 1
19353 HD 43 Air Laway a2 51 29 6 2 1 1 - - - 2 1 4 tr 1 1 - 1
19356 HD 01 Air Laway a2 25 55 11 3 tr 1 tr - - 1 - 2 - - tr - 1
19360 HD 12 Air Laway A 2 39 39 11 3 tr 1 tr - - tr tr 3 - 1 1 - 1
19366 Suban °/c a2 98 - - 1 - tr - - - - - - - - - - 1
19367 97 - - 1 - 1 - tr - - - - - - - - 1
19372 RC 63 Air Laya a2 44 25 16 3 - 1 1 tr - 2 - 3 tr 2 tr - 2
19377 RC 60 Air Laya a2 92 - 2 3 - tr - 1 - - - - - - - - 2
19387 RC 14 Suban a2 87 - 3 5 - 1 1 1 - - - tr - - - - 2
19395 RC 27A Air Laya a2 62 12 13 5 1 tr 1 tr - 1 - 1 - 2 - - 2
APPENDIX 1.1i BUKIT ASAM COALS (continued)
Sample
Number
Location 
(see Fig.7.3 
and 7.5)
Seam Vitrinite 
TV DV
(»)
GV SF
Inertinite (%) 
FUS SCLE INERT MIC MAC RES CUT SUB
Liptinite 
SPO LIPT
( s )
FLUO EXS MM
19400 RC 10 Tapuan a2 50 34 9 2 — 1 1 tr 1 tr tr 1
19404 RC 50 Air Laya a2 35 42 8 4 1 tr 1 - - 2 1 2 - 1 1 tr 2
19309 Muara Tiga °/c B 31 46 9 3 1 tr 1 - - 1 - 4 - 1 tr - 3
19310 38 32 18 1 - - tr - - 2 tr 3 - 1 2 - 2
19311 40 35 15 1 - - tr - - 2 tr 3 - 1 1 — 2
19317 HD 37 Air Laway B 48 31 8 2 tr 1 - 1 - 1 3 tr - 1 2 - 2
19321 HD 40 Air Laway B 37 40 9 1 tr 1 tr 1 tr 3 tr 3 tr 1 1 — 1
19323 HD 17 Air Laway B 54 26 4 1 - - - tr - 6 3 - 1 2 1 - 1
19330 HD 55 Tapuan B 59 23 8 1 tr tr tr - - 1 tr 2 tr 1 1 —  ■ 2
19338 HD 62 Air Laway B 58 21 6 1 - 1 - - - 3 tr 3 - 1 2 - 3
19348 HD 51 Air Laway B 26 43 15 5 1 1 1 tr - 1 - 2 tr 2 1 — 2
19350 HD 44 Air Laway B 21 59 6 2 - 1 1 tr - 2 tr 2 - 3 2 — 1
19354 HD 43 Air Laway B 46 25 15 2 - 1 tr - tr 1 tr 3 - 3 1 _ 2
19357 HD 01 Air Laway B 18 64 8 2 tr 1 - - - 2 tr 1 tr 1 1 — 1
19361 HD 12 Air Laway B 27 48 15 3 tr tr 1 tr - 1 - 1 tr 1 2 — 1
19333 HD 61 Air Laway Bi 53 22 10 2 1 1 tr tr - 3 2 1 tr 2 1 — 2
APPENDIX 1.1: BUKIT ASAM COALS (coritinued)
Sample
Number
Location 
(see Fig.7.3 
and 7.5)
Seam Vitrinite 
TV DV
(58)
GV SF
Inertinite (?¿)
FUS SCLE INERT MIC MAC RES CUT SUB
Liptinite 
SPO LIPT
(8)
FLUO ' EXS MM
19363 Suban °/c B1 96 2 1 «r» tr
19364 94 tr 2 tr - tr - - - - - - - - - - 3
19363 94 1 tr 2 - 1 - 1 - - - - - - - -  ■ 1
19373 RC 63 Air Laya B1 47 26 13 4 tr tr tr tr - 2 - 2 tr 1 1 - 2
19378 RC 60 Air Laya B1 89 - 1 4 tr 1 - 1 - - - - - - - - 3
19383 RC 39 Air Laya B1 54 29 6 1 tr tr - - - 2 tr 2 . . . 2 1 - 2
19388 RC 14 Suban B1 82 7 7 1 - tr tr - - - - - - - — - 3
19391 RC 12 Bukit Asam B̂j 95 - 2 1 - tr - tr - - - - - — — — 2
19396 RC 27A Air Laya B1 49 29 8 1 1 - tr - - 1 1 4 1 1 — — 4
19401 RC 10 Tapuan B1 72 20 7 tr - - - - - - - - - - - - 1
19403 RC 50 Air Laya B1 35 49 7 2 tr tr 1 - - 1 - r — 1 1 _ 1
19413 Banko B1 59 5 30 1 tr tr - - - 1 — 2 — _ tr _ 1
19416 41 34 10 2 tr 1 - tr - 2 tr 5 1 1 1 _ 2
19334 HD 61 Air Laway b2 49 27 11 3 tr 1 tr tr - 2 1 1 tr 2 tr _ 2
19374 RC 63 Air Laya b2 40 40 7 2 - 1 - - - 3 1 2 tr 1 _ _ 2
19379 RC 60 Air Laya b2 75 13 4 3 - tr tr - - - — — _ — — — 4
19384 RC 39 Air Laya b2 52 22 14 2 - tr 1 tr - 2 tr 2 2 1 _ 2
19389 RC 14 Suban b2 95 - tr 1 - 1 - 1 - - - — _ _ 2
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APPENDIX 1.1: BUKIT ASAM COALS (continued)
Sample
Number
Location 
(see Fig.7.3 
and 7.5)
Seam Vitrinite 
TV DV
(S¡)
GV SF
Inertinite (?ó) 
FUS SCLE INERT MIC MAC RES CUT SUB
Liptinite 
SPO LIPT
(S)
FLUO EXS MM
19392 RC 12 Bukit Asam b2 95 1 tr 1 tr _ — 3
19397 RC 27A Air Laya b2 20 65 6 2 tr 1 tr - - 1 1 1 - 1 - - 1
19402 RC 10 Tapuan b2 97 - - tr - tr - tr - - JT - - - - - 2
19406 RC 50 Air Laya b2 30 48 10 4 tr tr tr - - 2 1 2 - 2 tr tr 1
19409 RC 62A Air Laya b2 45 25 17 2 1 tr 1 1 - 1 tr 3 - 3 tr - 1
19312 Muara Tiga °/c c 97 - - 1 - 1 - - - - - - - - - - 1
19313. Muara Tiga °/c c 97 - - tr - 1 - - - - - - - - - - 1
19314 97 - - 1 - tr - tr - - - - - - - - 2
19318 HD 37 Air Laway c 54 26 6 2 1 tr 1 1 tr 1 2 tr tr 2 2 - 1
19322 HD 40 Air Laway c 40 41 5 3 tr tr tr - - 1 tr 3 - 4 1 - 2
19326 HD 17 Air Laway c 63 19 5 2 tr 1 - - - 2 1 3 tr 2 tr - 1
19333 HD 61 Air Laway c 62 18 8 3 tr 1 tr - - 3 tr 2 1 tr 1 - tr
19339 HD 62 Air Laway c 51 33 7 1 - tr tr - - 2 tr 2 - 1 tr - 3
19342 HD 63 Air Laway c 69 19 5 1 tr 1 - - - - - 1 - - - - 4
19349 HD 51 Air Laway c 30 39 14 4 tr 1 1 tr - 2 tr 2 - 4 1 - 2
APPENDIX 1.1: BUKIT ASAM COALS (continued)
Sample Location Seam Vitrinite (Sí) Inertinite (S¡>) Liptinite (Sí)
Number (see Fig.7.3 
and 7.5)
TV DV GV SF FUS SCLE INERT MIC MAC RES CUT SUB SPO LIPT FLUO EXS MM
19351 HD 44 Air Laway C 40 33 9 4 tr 1 1 tr 2 tr 2 tr 3 1 2
19358 HD 01 Air Laway C 47 33 9 1 tr 1 - - - 3 tr 3 - 1 1 - 1
19362 HD 12 Air Laway C 8 72 9 1 - tr 1 - - 1 1 2 - 3 tr - 2
19375 RC 63 Air Laya C 47 27 13 2 - - 1 tr - 2 tr 2 - 3 tr - 2
19380 RC 60 Air Laya C 86 - 4 3 1 tr - - - - - - - - - - 6
19385 RC 39 Air Laya C 20 59 9 1 tr tr 1 tr - 1 1 3 tr 2 1 - 2
19393 RC 12 Bukit Asam C 95 - 1 1 - tr - tr - - - - - - - - 2
19398 RC 27A Air Laya C 39 37 14 2 - 1 - tr - 1 tr 2 - 2 - - 2
19407 RC 50 Air Laya C 49 32 10 1 tr 1 1 tr - tr - 3 tr tr tr - 2
19410 RC 62A Air Laya C 36 36 9 5 1 tr tr - - 1 3 2 tr 3 1 - 3
19419 Banko C 53 29 8 tr - 1 - - - 2 - 2 - 1 2 - 2
19420 51 32 5 1 - 1 - - - 2 - 3 tr 1 2 - 2
19421 47 28 7 1 - tr - — — 3 tr 8 tr 2 2 2
APPENDIX 1.2: OMBILIN COALS
Sample Location Seam Vitrinite (?o) Inertinite (%) Liptinite (%)
Number (see Fig.7.11) TV DV GV SF FUS SCLE INERT MIC MAC RES CUT SUB SPO LIPT FLUO EXS ALG MM
19426 Tanah Hitam °/c A 47 33 5 tr tr 6 3 4 1
19427 21 57 10 - - - - - - - 1 tr - 11 - - - tr
19439 Sawah Rasau u/g A 23 51 8 tr - tr tr - - 1 5 2 tr 4 1 - - 3
19440 23 50 13 tr - tr tr - - tr 4 4 - 4 - - - 1
19441 29 56 10 tr - tr 1 - - tr 1 tr tr 1 tr - - tr
19442 19 58 10 - - tr tr tr - tr 5 1 2 2 - - 2 1
19443 37 49 10 - - 1 1 - - tr 1 tr tr 1 - - - -
19444 38 48 5 tr - 2 1 tr - 1 2 tr 1 1 - - - 1
19428 Tanah Hitam °/c B1 24 51 9 tr - tr 1 - - 1 1 1 tr 7 1 - 1 3
19429 24 49 16 1 - 1 1 - - 1 tr tr - 4 - - tr 2
19430 19 58 13 tr - 2 1 - - 1 1 tr 1 3 - - - 1
19446 Sawah Rasau u/g B1 14 65 5 tr - 1 tr - - tr 4 tr 3 2 - - - 6
19447 23 60 9 tr - 1 1 - - 1 2 tr 1 1 tr - - 1
19431 Tanah Hitam °/c b2 19 65 9 1 - 2 1 - - 1 tr tr - 2 - - tr tr
19432 Tanah Hitam °/c b2 28 51 11 tr - 1 1 - - tr 4 1 - 2 - - - 1
19448 Sawah Rasau u/g b2 17 68 7 1 - 1 1 - - 1 4 tr tr tr - - - tr
19449 66 25 5 - - tr tr - - 1 1 tr tr 1 tr tr - 1
19450 19 61 5 tr - 1 - - - tr 3 - 6 1 — — _ 3
Sample
Number
19454
19455
19456
19457
19458
19459
19460
19433
19434
19435
19436
19437
19438
19451
19452
19453
19461
19462
APPENDIX 1.2: OMBILIN COALS (continued)
Location Seam Vitrinite (%) Inertinite (?o) Liptinite (?o)
(see Fig.7.11) TV DV GV SF FUS SCLE INERT MIC MAC RES CUT SUB SPO LIPT FLUO EXS
BH7 Parambahan B 41 47 7 tr IL 1 m 1 1 1 1 tr tr .
42 49 1 tr - 1 1 - - - 3 1 tr 1 • - -
39 42 14 - - tr - - - tr 3 tr tr - - -
23 57 8 1 - 2 1 - - 1 2 - 1 1 - -
26 54 6 1 - 2 1 - - tr 5 tr 1 1 - -
40 41 9 tr - 2 1 - - 1 2 1 tr 1 - -
36 36 8 2 - 1 - - - tr 3 2 - 1 - -
Tanah Hitam °/c C 19 54 13 tr - 3 3 - - 1 1 1 tr 4 - -
35 53 6 - - tr tr - - - tr 2 tr 1 tr -
33 50 8 - - 1 2 tr - - 1 3 — 2 _ _
Tanah Hitam °/c C 99 - tr 1 - tr - - - - — _ _ _ _ —
99 - - tr - 1 - tr - - - — — — — _
20 62 6 1 - 1 tr - - tr 1 tr _ 2 _ _
Sawah Rasau u/g C 33 55 5 tr - 1 tr - - 1 2 1 1 1 _ _
26 48 18 tr - tr - - - tr 4 2 tr _ 1 —
32 50 12 tr - tr tr - - 1 3 1 tr 1 tr _
BH7 Parambahan C 33 48 8 1 - 2 1 - - 1 3 tr tr tr — —
38 45 8 tr - 1 1 - — 1 1 tr _ 1
APPENDIX 1.3: KALIMANTAN PALAEOGENE COALS
Sample
Number
Location 
(see Fig.7.13)
Vitrinite 
TV DV
(S)
GV SF
Inertinite (?ó) 
FUS SCLE INERT MIC MAC RES CUT SUB
Liptinite 
SPO LIPT
(s)
FLUO EXS SPRG
MM
(50
19486 Pasir Basin 
East Kalimantan 23 58 6 1 tr tr 2 5 tr 2 1 tr 1
19487 36 40 11 - - - tr - - 1 3 1 1 tr - - - ’ 6
19488 27 46 12 1 - tr tr 1 - 2 4 tr 1 1 - - - 4
19489 34 38 9 tr - 1 - - - 1 2 tr 2 tr - - - 11
19490 21 50 9 tr - 2 2 - - 3 6 2 1 1 - - - 3
19491 27 48 9 tr - 1 1 - - 2 4 2 3 1 - - - 2
19492 44 31 8 tr - 2 1 - - 3 5 1 2 1 - tr tr 2
19493 42 34 8 tr - 1 1 - - 3 4 1 3 1 - - - 2
19494 Banjar Baru 
South Kalimantan 41 42 7 tr 1 1 1 3 tr 1 tr . 1
19495 54 33 7 - - 1 tr - - 1 1 tr 1 tr - - - 2
19496 28 49 9 tr tr tr - - - 4 4 1 2 - - - - 2
19497 27 42 7 - - 1 1 - - 6 6 1 6 tr - - - 3
19498 28 46 10 1 - 1 1 - - 2 5 2 1 tr - - - 3
19501 16 48 8 2 - 2 2 - - 7 2 2 7 1 - - - 3
19502 22 51 7 tr - 2 1 - - 4 5 1 2 tr — — _ 5
APPENDIX 1.4s KALIMANTAN NEOGENE COALS
Sample Location Seam Vitrinite (S) Inertinite (%) Liptinite (?i)
Number (see Fig.7.13) TV DV GV SF FUS SCLE INERT MIC MAC RES CUT SUB SPO LIPT FLUO EXS MM
19463 Loa Duri, 
Samarinda B 23 47 15 1 tr
19464 23 50 12 2 - 1
19463 39 36 7 3 — 1
19466 Loa Duri, 
Samarinda A 46 29 8 1 tr 1
19467 41 37 12 2 tr -
19468 Loa Duri, 
Samarinda A1 63 23 5 tr tr
19469 73 12 6 1 - tr
19470 Loa Duri, 
Samarinda Ant. 46 29 8 1 tr tr
19471 40 38 6 tr - 1
19472 Loa Duri, 
Samarinda D 31 44 15 1 tr
19473 43 41 11 1 - tr
19474 26 40 9 8 1 2
19473 Loa Duri, 
Samarinda C 48 36 10 3
19476 26 58 8 tr - tr
19477 Samarinda 49 29 10 1 - tr
19478 53 30 6 1 _ tr
1 - - 3 3 3 1 - tr - 1
2 - - 3 3 1 - tr 1 - tr
2 - - 3 5 1 tr tr 2 - 1
- - tr 3 7 1 _ _ 3 _ 1
- - - 2 2 tr - - 3 - 1
tr tr - 2 1 tr — tr 4 _ 1
- - - 3 1 - - - 2 - 1
1 - - 2 7 1 _ 1 2 _ 2
1 - - 3 3 1 tr tr 3 - 1
1 - - 2 3 1 _ _ 1 1
1 tr - tr 1 tr tr - — — 1
5 1 - 1 4 1 - tr - - 1
1 - - tr 1 tr _ _ tr _ tr
1 - - 1 3 1 tr - tr - 1
2 - - 3 3 1 tr - tr tr 1
1 tr - 1 1 - 1 1 3 _ 1
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APPENDIX 1.4: KALIMANTAN NEOGENE COALS (continued)
Sample Location Seam Vitrinite (?o) Inertinite (?o) Liptinite (?o)
Number (see Fig.7.13) TV DV GV SF FUS SCLE INERT MIC MAC RES CUT SUB SPO LIPT FLUO EXS MM
19479 Loa Kulu, 
Samarinda 36 45 7 2 1 _
19480 45 37 9 2 tr 1
19481 16 53 9 4 1 1
19482 29 47 7 1 - tr
19483 30 43 9 - - -
19484 31 47 8 2 - 1
19499 Banjar Baru 29 50 8 tr - 1
19300 32 50 8 1 - 1
19503 26 52 10 2 1 1
2 - tr 2 1 1 tr tr 1 - 2
2 - - 1 1 tr - tr 1 tr 1
3 - - 2 3 1 tr 1 4 - 1
1 - - 3 8 1 tr tr 1 - 2
- 1 - 6 4 1 - 1 3 - 2
2 - - 3 3 tr 1 - 1 - 1
1 - - 4 1 1 1 - - - 2
2 - - 2 tr 2 1 - - - 1
1 - - 1 3 tr 1 _ _ _ 1
APPENDIX 1.5: WEST JAVA COALS
Sample Location Vitrinite (%) Inertinite (%)
Number (see Fig.7.19) Age TV DV GV SF FUS SCLE INERT
19504 Bayah Palaeo­
gene 70 18 5 tr tr 1
19505 60 22 5 1 - 1 1
19506 36 47 5 tr - tr tr
19507 37 47 6 1 - 1 1
19508 39 48 5 1 - 1 1
19509 37 40 6 tr - tr tr
19510 44 36 8 - - tr tr
19512 47 33 8 2 - 1 1
19513 34 55 5 - - 1 tr
19515 54 33 6 tr - tr -
19517 Bojong 
Manik
Neo­
gene 27 45 8 1 1 tr
19518 31 43 9 tr - 1 tr
19519 44 37 9 1 - 1 tr
19520 47 35 8 2 - 1 tr
19521 Bojong
Manik
Neo­
gene 17 53 15 1 _ 1 tr
19522 46 35 6 - 1 -
19523 19 56 12 tr - 1 tr
19524 Cimandiri Palaeo
gene 35 41 15 tr . 1
1
r
1
1
1
2
1
1
1
7
6
3
3
7
3
6
1
Liptinite (?o) MM
CUT SUB SPO LIPT FLUO EXS (8)
3 - - - - - 2
1 - - - - - 9
2 - - - - - 8
1 - tr tr - - 4
1 « - tr - - - 3
1 - tr - - - 13
1 1 tr - - - 10
1 - tr - - - 6
3 - tr - - - 2
1 - tr - - - 4
5 1 2 _ tr 1 1
4 1 2 - tr - 1
2 - 1 - - - 1
2 - tr - - tr 1
3 1 1 _ _ — 1
4 - 1 - 1 - 1
2 1 1 - - - 1
tr . tr 7
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APPENDIX 1.5s WEST JAVA COALS (continued)
Sample
Number
Location 
(see Fig.7.19) Age
Vitrinite 
TV DV
(*)
GV SF
Inertinite 
FUS SOLE
(55)
INERT RES CUT
Liptinite 
SUB SPO
(%)
LÌPT FLUO EXS
MM
(SS)
19525 Cimandiri Palaeo- 36 44 13 tr 1 1 1 1 3
19526 gene 44 37 9 1 - 1 2 2 1 1 1 - - - 1
19527 45 33 11 1 - 1 1 3 1 1 tr - - 1 2
19528 48 33 9 tr - 1 1 3 1 1 1 - - - 2
19537 Cihideung Palaeo­
gene 51 26 4 3 2 2 2 6 tr 1 . 4
19538 53 16 2 3 - 2 2 2 8 tr 1 - - - 10
19539 66 16 3 2 - 2 2 tr 7 tr - - - - 2
19540 82 9 1 1 - - - - - tr - - - - 7
19541 96 tr - - - - - - - - - - - - 4
19542 75 16 1 1 - 1 tr — _ _ _ _ _ 6
APPENDIX 1.6: VICTORIAN COALS
Sample
Number
Location 
(see Fig.3.2)
Litho­
type
Vitrinite 
TV DV
(s)
GV SF
Inertinite 
FUS SCLE
(s)
INERT RES CUT
Liptinite 
SUB SPO
(8)
LIPT FLUO
MM
(8)
18244 Morwell °/c pale 7 66 3 3 2 1 1 1 2 13 tr 1
18261 Yallourn °/c pale 4 72 4 - - 2 tr 1 tr 1 2 14 - tr
18263 4 72 1 - - 2 - 2 - 1 4 15 - tr
18247 Morwell °/c light 11 71 7 - - 2 - tr - 2 3 4 - -
18279 10 72 6 - - 2 tr - 1 1 2 4 - tr
18282 10 72 6 - - 2 1 - tr 2 2 5 - -
18258 Yallourn North 
Extension °/c light 10 72 6 2 tr tr 2 2 6 tr
18274 Yallourn °/c light 14 68 10 - - 2 - tr tr 1 1 4 — _
18243 Morwell °/c medium
light 18 69 5 tr 1 tr _ 1 1 4 tr tr
18246 15 73 6 - - tr - tr 1 1 1 3 — tr
18249 14 69 7 - - 3 tr - - 2 1 4 — tr
18278 13 69 6 tr - 3 tr - tr 2 tr 5 — tr
18280 20 65 8 tr - 1 - - tr 2 1 3 tr
18286 Loy Yang °/c medium
light 14 67 6 1 1 1 tr 9 1
18287 19 61 10 tr - 1 - 1 tr 2 1 4 — tr
18252 Yallourn North 
Extension °/c
medium
light 15 65 8 tr 2 tr tr 1 2 1 4 tr 1
18253 12 69 11 tr - 2 tr tr 1 2 1 2 — tr
18255 10 74 8 - - 1 - tr 1 1 1 4
252
APPENDIX 1.6: VICTORIAN COALS (continued)
Sample
Number
Location 
(see Fig.3.2)
Litho­
type
Vitrinite 
TV DV
(%)
GV SF
Inertinite 
FUS SCLE
(Si)
INERT RES CUT
Liptinite 
SUB SPO
(S)
LIPT FLUO
MM
(%)
18260 Yallourn °/c medium
light 17 67 7 - - 1 - - tr 2 1 5 - -
18264 17 69 6 tr - 1 - tr - 3 tr 3 - tr
18265 15 68 7 - - 2 tr - - 2 1 4 - tr
18269 17 68 9 - tr 1 - 1 tr 1 1 2 - tr
18270 9 76 8 - - 1 - 1 tr 1 tr 4 - -
18245 Morwell °/c medium
dark 25 63 9 . . tr . tr 1 tr tr 1
18257 Yallourn North 
Extension °/c
medium
dark 23 65 9 tr tr tr . tr 2 tr tr tr
18262 Yallourn °/c medium
dark 30 53 12 tr m tr tr 1 1 1
18268 25 61 10 tr - tr - tr 1 1 tr 1 - tr
18273 23 59 13 - tr tr - tr 1 1 tr 1 - tr
18256 Yallourn North 
Extension °/c dark 32 56 8 tr tr tr 1 tr tr 1 1 1 . tr
18271 Yallourn °/c dark 20 58 14 tr 1 1 1 tr 1 2 1 1 - tr
18272 28 56 11 tr tr 1 tr tr 1 1 1 1 tr
18248 Morwell °/c dark 33 50 12 - 1 tr - 1 tr 2 tr 1 tr tr
18283 30 58 8 tr - 1 1 tr tr 1 tr 1 - -
18284 28 56 11 tr - tr tr tr tr 2 _ 1 * »
APPENDIX 2 : VITRINITE REFLECTANCE DATA
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APPENDIX 2.1: BUKIT ASAM COALS
Location ----  REFLECTANCE IN O I L---- Number
Sample (see Fig. 7.3 Standard of
Number and 7.5) Seam Rvmax (%) Range Deviation Readings
19327 HD 55 Tapuan hanging 0.38 0.35-0.45 0.028 25
19343 HD 54 Tapuan hanging 0.42 0.38-0.48 0.026 25
19411 Banko hanging 0.41 0.37-0.46 0.021 25
19417 0.36 0.30-0.41 0.027 25
19418 0.38 0.34-0.43 0.022 25
19285 Air Laya °/c Al 0.49 0.43-0.54 0.031 25
19287 0.47 0.40-0.52 0.033 25
19289 0.46 0.40-0.51 0.029 25
19290 S.E. Balong 
Hijau °/c Al 0.41 0.36-0.47 0.030 25
19292 0.41 0.36-0.52 0.042 25
19294 0.40 0.36-0.45 0.024 25
19297 S.W. Balong 
Hijau °/c Ai 1.73 1.67-1.77 0.025 25
19298 1.61 1.52-1.66 0.033 25
19299 Muara Tiga °/c at 0.42 0.37-0.49 0.032 25
19301 0.38 0.35-0.42 0.021 25
19303 0.40 0.36-0.44 0.021 25
19315 HD 17 Air Laway A1 0.37 0.33-0.41 0.021 25
19319 HD 40 Air Laway A1 0.37 0.33-0.43 0.027 25
19323 HD 17 Air Laway A1 0.42 0.38-0.46 0.019 25
19328 HD 55 Tapuan A1 0.45 0.41-0.51 0.031 25
19331 HD 61 Air Laway A1 0.41 0.38-0.47 0.022 25
19336 HD 62 Air Laway A1 0.43 0.39-0.47 0.022 25
19340 HD 63 Air Laway A1 0.43 0.39-0.47 0.021 25
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APPENDIX 2.1! BUKIT ASAM COALS (continued)
Sample
Number
Location 
(see Fig. 7.3 
and 7.5) Seam
----  REFLECTANCE IN
Rvmax (%) Range
O I L----
Standard
Deviation
Number
of
Readings
19344 HD 54 Tapuan *1
4
0.43 0.39-0.48 0.022 25
19346 HD 51 Air Laway Al 0.39 0.35-0.42 0.018 25
19332 HD 43 Air Laway Al 0.35 0.31-0.40 0.023 25
19353 HD 01 Air Laway Al 0.36 0.32-0.39 0.020 25
19359 HD 12 Air Laway Al 0.40 0.36-0.44 0.020 25
19368 Suban °/c Al 2.34 2.29-2.44 0.036 30
19369 2.32 2.21-2.42 0.060 30
19370 Air Laya °/c At 0.41 0.37-0.47 0.027 25
19371 RC 63 Air Laya Al 0.44 0.39-0.50 0.027 25
19376 RC 60 Air Laya Al 1.44 1.39-1.49 0.025 25
19381 RC 39 Air Laya Al 0.43 0.39-0.47 0.023 25
19386 RC 14 Suban Al 0.84 0.77-0.91 0.035 30
19390 RC 12
Bukit Asam
Al + 
a2 1.99 1.85-2.06 0.053 30
19394 RC 27A Air Laya Al 0.45 0.40-0.52 0.033 25
19399 RC 10 Tapuan A1 0.77 0.70-0.87 0.051 30
19403 RC 50 Air Laya Ai 0.42 0.38-0.46 0.021 25
19408 RC 62A Air Laya Ai 0.42 0.37-0.50 0.035 25
19412 Banko Al 0.44 0.41-0.49 0.024 25
19413 0.40 0.36-0.44 0.022 25
19414 0.37 0.33-0.42 0.024 25
19422 0.42 0.37-0.48 0.032 30
19423 0.41 0.35-0.47 0.027 25
19424 0.43 0.38-0.47 0.024 30
19425 0.45 0.39-0.52 0.033 30
19295 S.W. Balong 
Hijau °/c a2 1.00 0.93-1.04 0.028 25
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APPENDIX 2.1; BUKIT ASAM COALS (continued)
Location ----  REFLECTANCE IN OIL ----  Number
Sample
Number
(see Fig. 7.3 
and 7.5) Seam Rvmax (%) Range
Standard
Deviation
of
Readings
19296 S.W. Balong 
Hijou °/c a2 0.98 0.93-1.03 0.024 25
19304 Muara Tiga a2 0.41 0.36-0.45 0.027 25
19306 0.40 0.37-0.44 0.019 25
19307 0.40 0.36-0.45 0.022 25
19308 0.40 0.36-0.47 0.026 25
19316 HD 37 Air Laway a2 0.42 0.37-0.47 0.025 25
19320 HD 40 Air Laway a2 0.38 0.35-0.41 0.018 25
19324 HD 17 Air Laway A 2 0.44 0.39-0.48 0.023 25
19329 HD 55 Tapuan A2 0.46 0.39-0.51 0.031 25
19332 HD 61 Air Laway a2 0.43 0.38-0.48 0.026 25
19337 HD 62 Air Laway A 2 0.41 0.38-0.45 0.021 25
19341 HD 63 Air Laway A 2 0.45 0.40-0.48 0.022 25
19345 HD 54 Tapuan A 2 0.42 0.38-0.47 . 0.024 30
19347 HD 57 Air Laway A 2 0.39 0.36-0.42 0.018 25
19353 HD 43 Air Laway a2 0.39 0.36-0.42 0.014 25
19356 HD 51 Air Laway *2 0.41 0.35-0.44 0.022 25
19360 HD 12 Air Laway a2 0.40 0.36-0.44 0.021 25
19366 Suban °/c a2 2.32 2.24-2.45 0.048 30
19367 2.18 2.10-2.23 0.036 30
19372 RC 63 Air Laya a2 0.44 0.37-0.50 0.031 25
19377 RC 60 Air Laya a2 1.26 1.12-1.32 0.043 30
19382 RC 39 Air Laya a2 0.43 0.38-0.49 0.028 25
19387 RC 14 Suban A 2 0.89 0.80-0.95 0.040 30
19395 RC 27A Air Laya a2 0.48 0.43-0.55 0.031 25
19400 RC 10 Tapuan A 2 0.69 0.61-0.75 0.035 30
19404 RC 50 Air Laya a2 0.44 0.40-0.49 0.024 25
19309 Muara Tiga °/c B 0.43 0.38-0.47 0.027 25
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APPENDIX 2.1: BUKIT ASAM COALS (continued)
Sample
Number
Location 
(see Fig. 7.3 
and 7.5) Seam
----  REFLECTANCE IN
Rvmax (%) Range
O IL----
Standard
Deviation
Number
of
Readings
19310 Muara Tiga °/c B 0.44 0.39-0.49 0.026
t
25
19311 0.40 0.36-0.45 0.022 25
19317 HD 37 Air Laway B 0.39 0.36-0.42 0.016 25
19321 HD 40 Air Laway B 0.43 0.38-0.47 0.024 25
19325 HD 17 Air Laway B 0.42 0.38-0.49 0.027 25
19330 HD 55 Tapuan B 0.44 0.39-0.51 0.033 25
19338 HD 62 Air Laway B 0.41 0.38-0.46 0.023 25
19348 HD 51 Air Laway B 0.40 0.37-0.44 0.018 25
19350 HD 44 Air Laway B 0.40 0.37-0.45 0.019 25
19354 HD 43 Air Laway B 0.39 0.31-0.40 0.023 25
19357 HD 01 Air Laway B 0.41 0.37-0.45 0.025 25
19361 HD 12 Air Laway B 0.41 0.37-0.47 0.028 25
19333 HD 61 Air Laway B1 0.43 0.39-0.48 0.027 25
19363 Suban °/c B1 2.60 2.50-2.70 0.051 40
19364 2.41 2.30-2.53 0.053 30
19365 2.55 2.47-2.63 0.042 30
19373 RC 63 Air Laya Bi 0.43 0.39-0.49 0.025 25
19378 RC 60 Air Laya Bi 1.70 1.64-1.75 0.028 30
19383 RC 39 Air Laya B1 0.43 0.39-0.49 0.024 25
19388 RC 15 Suban Bt 1.07 • 0 1 • Vs/J 0.034 30
19391 RC 12 Bukit Asam B1 2.19 2.09-2.29 0.054 30
19396 RC 27A Air Laya B1 0.48 0.41-0.59 0.039 25
19401 RC 10 Tapuan Bi 1.40 1.34-1.52 0.041 30
19405 RC 50 Air Laya Bi 0.44 0.40-0.49 0.028 25
19415 Banko B1 0.42 0.38-0.49 0.028 25
19416 0.53 0.43-0.64 0.059 30
19334 HD 61 Air Laway b2 0.43 0.39-0.49 0.025 25
19374 RC 63 Air Laya B2 0.49 0.42-0.56 0.036 30
19379 RC 60 Air Laya b2 1.72 1.66-1.78 0.029 30
of
dii
25
30
30
25
30
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
30
25
30
25
25
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APPENDIX 2.1: BUKIT ASAM COALS (continued)
Location ----  REFLECTANCE IN OIL ----
(see Fig. 7.3 _ Standard
and 7.5) Seam Rvmax (%) Range Deviation
RC 39 Air Laya b2 0.44 0.39-0.51* 0.031
RC 14 Suban B2 1.25 1.20-1.33 0.031
RC 12 Bukit Asam b2 2.25 2.17-2.35 0.044
RC 27Ai Air Laya b2 0.51 0.44-0.57 0.032
RC 10 Tapuan b2 2.05 1.97-2.12 0.039
RC 50 Air Laya b2 0.45 0.40-0.52 0.033
RC 62Ai Air'Laya b2 0.42 0.38-0.47 0.024
Muara Tiga °/c c 1.46 1.40-1.54 0.049
Muara Tiga c 1.55 1.46-1.62 0.053
1.53 1.48-1.58 0.025
HD 37 Air Laway c 0.42 0.37-0.48 0.026
HD 40 Air Laway c 0.43 0.38-0.47 0.026
HD 17 Air Laway c 0.44 0.39-0.48 0.023
HD 61 Air Laway c 0.47 0.41-0.54 0.033
HD 62 Air Laway c 0.45 0.40-0.50 0.028
HD 63 Air Laway c 0.89 0.81-0.97 0.040
HD 51 Air Laway c 0.42 0.38-0.47 0.024
HD 44 Air Laway c 0.41 0.35-0.48 0.029
HD 01 Air Laway c 0.45 0.39-0.50 0.024
HD 12 Air Laway c 0.42 0.39-0.47 0.021
RC 63 Air Laway c 0.45 0.40-0.51 0.032
RC 60 Air Laya c 1.78 1.66-1.85 0.040
RC 39 Air Laya c 0.45 0.39-0.50 0.030
RC 12 Bukit Asam c 2.28 2.19-2.36 0.044
RC 27A Air Laya c 0.51 0.46-0.58 0.031
RC 50 Air Laya c 0.47 0.40-0.54 0.039
RC 62A Air Laya c 0.43 0.38-0.50 0.033
Banko c 0.41 0.36-0.50 0.034
c 0.41 0.37-0.47 0.026
c 0.41 0.37-0.45 0.020
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APPENDIX 2.2: OMBILIN COALS
Sample
Number
Location 
(see Fig. 7.11) Seam
----  REFLECTANCE IN
Rvmax (5S) Range
O I L----
Standard
Deviation
Number
of
Readings
19426 Tanah Hitam °/c A 0.63 0.57-0.69 0.030 25
19427 0.64 0.59-0.70 0.030 25
19439 Sawah Rasau u/g A 0.62 0.54-0.70 0.042 25
19440 0.68 0.62-0.74 0.029 25
19441 0.71 0.60-0.72 0.031 30
19442 0.64 0.58-0.70 0.036 25
19443 0.67 0.60-0.74 0.038 25
19444 0.68 0.60-0.82 0.053 25
19428 Tanah Hitam °/c B1 0.62 0.57-0.69 0.032 25
19429 0.64 0.57-0.69 0.035 25
19430 0.64 0.56-0.70 0.036 25
19446 Sawah Rasau u/g B1 0.55 0.46-0.63 0.039 25
19447 0.65 0.59-0.71 0.038 25
19431 Tanah Hitam °/c b2 0.68 0.61-0.75 0.030 30
19432 0.64 0.59-0.71 0.033 25
19448 Sawah Rasau u/g b2 0.71 0.66-0.80 0.040 25
19449 0.71 0.61-0.80 0.057 30
19430 0.62 0.54-0.71 0.039 25
19434 BH7 Parambahan B 0.71 0.65-0.78 0.032 25
19455 0.70 0.64-0.78 0.032 30
19456 0.72 0.67-0.78 0.030 25
19457 0.75 0.70-0.81 0.033 30
19458 0.76 0.72-0.87 0.036 30
19459 0.77 0.69-0.83 0.036 30
19460 0.77 0.72-0.82 0.028 25
19433 Tanah Hitam °/c C 0.64 0.56-0.73 0.040 25
19434 0.63 0.57-0.67 0.031 25
of
ìdii
25
30
30
25
25
25
25
30
30
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APPENDIX 2.2: OMBILIN COALS (continued)
Location
(see Fig, 7.11) Seam
4 •
Tanah Hitam °/c C
Sawah Rasau u/g C
REFLECTANCE IN OIL
Standard
,max (?ó) Range Deviation
0.62 0.57-Û.W 0.025
4.69 4.59-4.77 0.055
3.39 3.30-3.51 0.053
0.68 0.60-0.79 0.050
0.64 0.59-0.75 0.036
0.70 0.65-0.77 0.025
0.68 0.61-0.75 0.034
0.75 0.69-0.84 0.043
0.77 0.73-0.81 0.023
BH 7 Parambahan C
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APPENDIX 2.3; KALIMANTAN PALAEOGENE COALS
Sample
Number
Location 
(see Fig. 7.13)
----  REFLECTANCE IN
Rvmax (%) Range
OI L----
Standard
Deviation
Number
of
Readings
19486 Pasir Basin 
East Kalimantan 0.63 0.54-0.69 0.037 25
19487 0.64 0.60-0.71 0.032 25
19488 0.67 0.57-0.76 0.044 25
19489 0.62 0.58-0.68 0.025 25
19490 0.57 0.54-0.63 0.022 ,. 25
19491 0.61 0.56-0.68 0.028 25
19492 0.62 0.56-0.69 0.029 25
19493 0.62 0.56-0.69 0.038 25
19494 Banjar Baru 
South Kalimantan 0.64 0.59-0.70 0.025 25
19495 0.64 0.60-0.70 0.025 25
19496 0.58 0.51-0.63 0.028 25
19497 0.56 0.51-0.61 0.028 25
19498 0.60 0.56-0.64 0.022 25
19501 0.53 0.47-0.60 0.029 25
19502 0.55 0.49-0.62 0.035 25
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APPENDIX 2.4: KALIMANTAN NEOGENE COALS
Sample
Number
Location 
(see Fig. 7.13) Seam
----  REFLECTANCE IN
Rvmax (?ó) Range
O I L ----
Standard
Deviation
Number
of
Readings
19463 Loa duri 
Samarinda B 0.47
f 1
0.40-0.54 0.029 25
19464 0.46 0.38-0.53 0.039 25
19463 0.41 0.38-0.48 0.027 25
19466 Loa duri 
Samarinda A 0.45 0.38-0.52 0.036 25
19467 0.45 0.40-0.52 0.036 25
19468 Loa duri 
Samarinda Al 0.42 0.37-0.48 0.026 25
19469 0.40 0.35-0.45 0.029 25
19470 Loa duri 
Samarinda Ant. 0.46 0.39-0.54 0.037 25
19471 0.43 0.36-0.49 0.035 25
19472 Loa duri 
Samarinda D 0.45 0.39-0.51 0.031 25
19473 0.46 0.40-0.52 0.036 25
19474 0.46 0.39-0.52 0.036 25
19475 Loa duri 
Samarinda C 0.46 0.39-0.51 0.029 25
19476 0.44 0.36-0.50 0.037 25
19477 Samarinda 0.45 0.40-0.51 0.031 25
19478 0.47 0.42-0.53 0.031 25
19479 Loa Kulu 
Samarinda 0.47 0.43-0.55 0.029 25
19480 0.47 0.39-0.56 0.037 25
19481 0.43 0.39-0.47 0.021 25
19482 0.41 0.37-0.47 0.026 25
19483 0.48 0.48-0.53 0.027 30
19484 0.57 0.49-0.67 0.063 25
19499 Banjar Baru 
South Kalimantan 0.30 0.26-0.34 0.020 25
19500 0.34 0.29-0.41 0.036 25
19503 0.47 0.44-0.52 0.019 25
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APPENDIX 2.5: WEST JAVA COALS
Sample
Number
Location 
(see Fig. 7.19) Age
----  REFLECTANCE IN
Rvmax (%) Range
O I L----
Standard
Deviation
Number
of
Readings
19504 Bayah Palaeo­
gene 0.63 0.57-0.71 0.035 25
19505 0.65 0.59-0.72 0.031 25
19506 0.64 0.58-0.72 0.035 25
19507 0.60 0.53-0.67 0.029 25
19508 0.61 0.56-0.69 0.036 25
19509 0.60 0.51-0.65 0.033 25
19510 0.63 0.58-0.71 0.033 25
19512 0.79 0.73-0.88 0.039 25
19513 0.64 0.58-0.73 0.045 25
19515 0.65 0.58-0.73 0.040 25
19517 Bojong Manik Neogene 0.41 0.37-0.45 0.020 25
19518 0.41 0.37-0.47 0.028 25
19519 0.39 0.26-0.43 0.048 25
19520 0.34 0.30-0.40 0.025 25
19521 0.34 0.26-0.42 0.037 25
19522 0.36 0.31-0.43 0.037 25
19523 0.35 0.29-0.42 0.040 25
19524 Cimandiri Palaeo­
gene 0.83 0.78-0.95 0.036 25
19525 0.70 0.63-0.76 0.038 25
19526 0.65 0.58-0.72 0.036 25
19527 0.65 0.60-0.72 0.036 25
19528 0.64 0.57-0.71 0.043 25
19537 Cihideung Palaeo­
gene 0.53 0.46-0.62 0.048 25
19538 0.53 0.49-0.61 0.030 25
19539 0.53 0.48-0.59 0.027 25
19540 0.56 0.48-0.62 0.038 25
19541 1.23 1.18-1.31 0.034 30
19542 0.99 0.90-1.05 0.043 25
APPENDIX 2.6: VICTORIAN COALS
REFLECTANCE IN OIL ----  Number
Sample
Number
Location 
(see Fig. 3.2)
Litho­
type Rvmax (%) Range
Standard
Deviation
of
Readings
18244 Morwell °/c pale 0.24 0.16-0.30 0.040
t
25
18261 Yallourn °/c pale 0.24 0.20-0.28 0.024 25
18263 0.20 0.14-0.26 0.032 25
18247 Morwell °/c light 0.25 0.17-0.32 0.040 25
18279 0.29 0.25-0.33 0.019 25
18282 0.29 0.25-0.32 0.018 25
18238 Yallourn North 
Extension °/c light 0.29 0.25-0.33 0.025 25
18274 Yallourn °/c light 0.29 0.25-0.32 0.017 25
18243 Morwell °/c medium
light 0.30 0.26-0.33 0.018 25
18246 0.30 0.27-0.34 0.018 25
18249 0.31 0.26-0.35 0.018 25
18278 Morwell °/c medium
light 0.31 0.27-0.33 0.016 25
18280 0.31 0.27-0.35 0.018 25
18286 Loy Yang °/c medium
light 0.36 0.32-0.41 0.023 25
18287 0.30 0.25-0.34 0.022 25
18232 Yallourn North 
Extension °/c
medium
light 0.32 0.28-0.35 0.018 25
18253 0.31 0.27-0.35 0.020 25
18255 0.31 0.27-0.35 0.020 25
18260 Yallourn °/c medium
light 0.27 0.22-0.31 0.025 25
18264 Yallourn °/c medium
light 0.27 0.24-0.29 0.013 25
18265 0.27 0.24-0.33 0.021 25
18269 0.29 0.25-0.33 0.020 25
18270 0.28 0.27-0.31 0.016 25
18245 Morwell °/c medium
dark 0.29 0.24-0.35 0.028 25
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APPENDIX 2.6: VICTORIAN COALS (continued)
Sample Location Litho­
Number (see Fig. 3.2) type Rvmax
REFLECTANCE IN OIL ----  Number
Standard of
(%) Range Deviation Readings
18257 Yallourn North 
Extension* °/c
medium
dark 0.33 0.28-0.36 0.026 25
18262 Yallourn °/c medium
dark 0.30 0.27-0.34 0.017 25
18268 0.30 0.25-0.38 0.027 25
18273 0.30 0.26-0.34 0.018 25
18248 Morwell °/c dark 0.31 0.26-0.35 0.021 25
18283 0.31 0.26-0.35 0.024 25
18284 0.32 0.27-0.37 0.026 25
18256 Yallourn North 
Extension °/c dark 0.33 0.28-0.39 0.026 25
18271 Yallourn °/c dark 0.32 0.27-0.36 0.021 25
18272 0.31 0.27-0.35 0.021 25
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